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1 

RECEPTOR SPECIFIC .BftCTERlAL ADHESINS AMD THEIR USB 
FIELD OP INVENTION 

The present invention pertains to naturally occurring bacte- 
rial adhesins and derivatives and variants hereof, having the 
ability to bind to pre -determined, specifically selected 
receptors, and to the use of such adhesins in the targeting 
of active campaunos and microbial cells to locations compris- 
ing such selected receptors. 

This invention was supported in part by the US National 
Institute of Health (NIH) , under grant #DE07218. and the US 
veterans Administration. The US government has certain rights 
iA the invention. 
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TECHNICAL BACKGROUND AND PRIOR ART 

The ability to adhere or bind specifically to. and in many 
instances, to colonize an aniaate or inanimate surface is of 
paramount Importance in microbial ecology and pathogenesis. 
Such specific receptor binding is provided by microbial 
adhesins which play a key role in bacterial /host and 
viral/host recognition and interaction and for the recogni- 
tion of any specific surface by a microorganism. 

Accordingly, adhesion of bacteria to host surfaces is common- 
ly regarded as an essential step enabling bacteria to become 
established as members of the normal flora of host organisms 
or to cause an infection (refs. 7. 18) . Bacterial lectins are 
the most common and most thoroughly studied type of adhesins 
among both gram negative and gram positive bacteria (ref . 
40). Evolutionary pressures have selected lectins for adhes- 
ive functions probably due to the abundance of glycoconjugat- 
es on animate and inanimate surfaces. One class of structures 
that a large range of gram-positive and gram-p sitive 
bacteria including Escherichia coli and other members of the 
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atlon paetcar Antigen (C«r. " "> • Colonlz- 

type II are specific e»:.9ies of such finbriaa. 

By far the Mat ca«on of the enterobacterial fl«h,< • 
type l^or ^annose-apedflc ,ms, fi^brJe^fs'^:'''",, 
23) . Type 1 finbrigg ^ ^ U, 13, 14, 

" subunlts (refs 28 4^ ^'""^^1™" 'our aifferent 

Of a 17.^ p:^ stLtlrlT"^'*' ""^^^ 
PilA), are polJ^.IjT'"^ '"eslg^ted Pla« ,or 

a hoUo» aJal^ !lf ° * "^llx surrounding 

- structure, but ^rUe'^y^T^'Z^^^ 

20, 24, 27. 32} . flnibrial mass (refs. 

The 28 IcDa PiaH subunl^ h». k 

l^Urect tests trtT^! >»«> »ho«> by several direct and 

- -ect«.^^::;,r;i-';-'^ -a function «yb; 

Mghly variable, but r^lTIib^; u hTryT"^' 
antigenically and geaetl^iw conserved 

Interactions'^etweT^eTf "'^^^^^ " 
receptors have been sh^ , ^ I>-">annose- containing 

^= - - the ::^ectL^:ro\er!:efi/n- "if-^ 

Of a trlsacch::idTr«^'^,7"^ " 

region within or cloa. ►v. J. ' ' * '"I'^jphoblc 

dieted in these stXMLT'"^ 
3S eound ^ep^^tlyrin^i^rie^rr^Lir '""'^ 
- well as in direct adhesl n studl.3":irt'^,^c:ir^": 
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as recept rs (refs. 37, 47j . ^^y,. , 

^iella pneumoniae type i T ^^^e of the Kleb- 

riun. type i adhesin combining sUe^!^ ^«i«»ella t,^. 
been thought that tvoe i ^IT. ^ 
a>«acteriseic of any Boe«,tl.i "^^^ Msentlaa 

Peptlde-iiadl^g activity (rat si^^ ""^e-saMitlvB 
yeast naiaan (Ma) , » Mahw ' " to 

Pla«» fib^c^^l.rr^J"'* glycoprotein, and to 

ated by perlodate tr«at«nt Pn^K^ "sentiaily eliadn- 

peptide ^ ^""^"n to non.,lycoaylated 

tie first 30 residues of the L JTT "^""^ "^Ins 
0 purifies fro„ organll^^Z^:' '^'^ ^"^"^ 

«exi.=.ara=t.rl,«, rec^^Tt «^ f ^ * 
elng type 1 fl.a>rU., aBlon^trLT^-^ ^" 
-t adhere to the other ^t^'',-^'"^ " ^' ■'^O 
HB101(pPKL4) did not adhere tf!!" ^ P^^iei from 

type 1 fia-brlae appeal" 

PPeared to be functionally heterogeneous. 

Several ooli isolates obtained fro., ^ 
-pressed peptide-bindlng actl^v .T.^™" """" 
l^aicating that this ne. " " '^SB-SO, 

laboratory .train, ot^r Cat^TJr " ^ 

activity Similar to t>Z , a^-reseed an adhesive 

t«e 1 fi^riae"^.'^' ^e^^'^::" * « 
»ong these Isolates. Pienotype «as also observed 

The PimH subimlt 1h T^ 

^l^rlae. c»«n 1 a rrt:;^ °' '»> ^ 
-ly Widely acc^ted that^ stt^r»''""- " 

recept re are strictly 
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5 geaea encoding proc^ ^i,^ " °* 

single ^ .eld l^t^, """"^ " " » 

but rau«. a .^^fl^ Z.^^ ^ ^ '""'^^ 
broaden, tie eeope ll ZtZT "^^^ 

st^ding c. t^ t;,T::r: ^ 

This new teotaoC rLfel!^": "^'^ 
l^chnology. ^ """" " as Designer Mhesln 

OP IHB raVENnON 

a naturalay occuxrlng .l^t^aalTl" T'"' '"'''^ 
altered binding properties ^Ltl" TT '^'^^ 
ring adhesin £r» it is """^^^ 

30 -viTraT^c^d'ler""':.^""-" ^ ad^esin 

nant repUcon canprlsLT^ " '"^ * «=<»^1- 

="!>rlsing a m sequence selected from tl« 
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RECEPTOR SPECIFIC BACTERIAL ADHESIUS AND THEIR DSE 
FIELD OP INVENTION 

1^ Pi^ent invention pertains to naturally occurrins bacte- 
rial adheslns and derivatives and variant. h.™nrT^ 
abillrv rr. >.<_^ . variants Uereof, having the 

ability to bind to pre-detennlned, specifically selected 
"captors, and to the use of such adh«,lns In ^ t^elln. 
Of active compounds and microbial cells to '"9"1°9 
ins such selected rec^tors. """^ 

tMs invention «as s,^,d In part by the OS National 
LtTJ^o:!""'"- " ' - "-in rights 



TECHNICAL BACKGROUND AND PRIOR ART 



25 



30 



^t^ces . " ""^ specifically to. and In ^ 

^^ces to colonize an ani^t. or Inanimate surfaceTof 
P««»unt „^rtance In ^croblal ecology and pathog^sL 
such -specific receptor binding is provided by micr^^ 

^2 T'""'" " ""^ ^ ^=t«lalXst™ 

* any specific sxxrface by a microorganlBm. 

rrS^'sT""" """"^ " --'-as is c«on. 
ly regarded as an essential step enabling baeterl, 

established as «^r. of the n^x»al f l^lf t." o^°°" 
or to cause an infection ,refs. 7. i„ . BactLS le^™ 
the most co-on and „st thoroughly studied type ot 
among both gram negative and gram positive ba«erl! 
40) Evolutionary pressures have selected lectlnslor^es 
ive ^tlons probably due to the abundance otX"o^: 
es^cn snlmate and inanimate surfac s'. On class of s::: :^', 
ttat a large range of gnu.-pos±tlve and gia«-posltlve 
bacteria including i^cherichia coll and ^"J^^ f the 
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family Bnterobactexiaceae. have evolved tn 
glycoproteins in a eaccharid^^^i 
fil>rile called filLL^^If^^^^^r"'^ ^ 
ation Factor AntiZ (^ir^^ 14) or pili (ref. lo, . coloniz 
5 Antigen (CPA) t^^T f ' ^ Colonization Factor 

(CPA) type II are specific exai,5,ies of such fiBfl>riae 

By far the most conunon of the enterobacterial fimbriae is 
typB 1, or nannose-speclflc imoi ^ j i-uiDnae is 

20. 24, 27. 32). tinbrial mass (refs. 

15>e 28 JcDa Pliffl eubunit ha. b«n sho™ by B««ral 

M,hly varia..., but t.e"^"L!^; ^jr,?™^' 
racepcora have .r.:!' Lr^.^^ e^"ZT=r^-^ 
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Detailed analysis of adhesion- 

Inhibition bv v«r..« °^ agglutination- 

is in the form of an ^ "»«ig site of the type i adhesin 

Of a t:iTac"b::idTr f^^^^^^^^^^ - - 

M^PMl-3)-^.D-Manp-(i.4r^.Gl^^^ r ^^^^^^ 
regic within or cfo^e Z L'T^''^'' 
dieted in these studies, a similar pattern ^ ^""^^ 

found independently in indire^ al^^rn^^T^^^ ^ 
as well as in direct adhoo^ n-mhibition studies, 

in dxrect adhesion studies using "neoglycolipids" 
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as receptors (refs. 37 471 tho « ^ 

Sie.^. ^^^^ .^'"J^ f - =^ 

^ ^-oi. Of a hyarophotlc r^L^^ "TTl" 

been thought that tree i ,f„^. ^' 1<»3 

<=l»»cterlatic of any potential Z e=Bential 
"-na. 'a-^-li^'^^^^'^ - presence « 

Peptide-binding activity iZt siT^ "«»«»e-senaltlve 
yeast nanoan (ibl . h4.w, ' CSH-SO «. cojl bound to 

^ P.a«« fS «„=^'"^rr"^"»- .ixcoproteln. and to 

.ted by perlodate treatment p„„„ ""entlaliy ellal„. 

'^r^ in a "-nose-.^tive^T:' ~" 
peptide fra9™,ta of and^ a^lt °™-'^^«>^l"«' 
the flrat 30 residues of Z ln^ '"" '^"'^ ""^^ 
» purified troB these oioani™. , ' '^^-^^ 

-l-characterlsed .^^^T.:^, T ^ * 
"ins type i fi^^,, hbio^pkLT^^' 
not adhere to the other ^t^t p^"*' " "°' ^" 
HBlOMppxw, did not adhere to ^ orll? T""^ 

^ ^i-ri.. ..^ to he funcu^j, ^-^-^ 

-^ef ■p:tLt^r,^ry'::,r- 

indicating that this ne. p^Z^'^ " « =SH.50, 

laboratory strain, ot^" l^'T ""'^"^ 'o a 

activity siallar to all iT^ "pressed an adhesive 
type 1 fl^brlae-^t le'^^'Z:!- * - 
a«»ns these isolates. Phenotype ras aiso observed 

The PimB subunlt la r. 

^i^brlae. cc^ i^a't «^esin of type l 

-y Widely accepted that'ts^'^-tr:.:-; 
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limited t glycoproteins containing terminal mann syl resi- 
dues (refs. 16, 37. 41, 42. 43, 47). Her inbelow functional 
and genetic evidence is provided demonstrating that this 

TZ"^'""'"" "^^^^'^ Of B. coll 

' fomff genes encoding proteins differing by as little as a 

sxngle amxno acid substitution confer distinct adhesive 

Phenotypes and accordingly, the fimff gene is not a single 

gene but rather a family of fimff genes. 

tHnii ^'"'"^ ^^^^^ -^re found 

not^! T ^l^ere mannosyl residues are 

not terminal and even protein domains devoid of saccharide 
This unexpected adhesive diversity within the flnOi ^ 

eZt"" """^ °' ^""'^^'^ ^cterlal 
ad^xon and may lead to a fundamental change in the under- 

adheslns may play in bacterial ecology or pathogenesis. 

ZlZT""' '^'^ - con^letely new field of 

technology, since it provides the means to design bacteria 
^ressxng adheslns that bind to pre-determined specific 
receptors in a wide range of animate and inanimate locations 
This new technology is referr-ort i.« u . locations. 
Technology. """^^ 
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SUMMARY OP THE INVENTION 



Accordingly, the present invention relates in one aspect to a 
recombinant or mutant bacterial * . aspect to a 

a n«f.„r^Ti 'Jacterxal adhesin variant derived from 

a naturally occurring adhesin, said adhesin variant having 
altered binding properties relative to the naturally^!::", 
rxng adhesin from which it is derived. 

in further aspects the invention provides a PIbh adhesin 

PC31 PlmH adhesin by at least one amino acid and a recombi- 
nant repUcon comprising a DNA sequence selected from the 
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group c nsistiag of a sequence coding for a recombinant 
bacterial adhesin variant as defined above and a sequence 
coding for a FlaH adhesin as also defined above. 

in a still further aspect, there is provided a fusion protein 
con?)rising an adhesin selected from the group consisting of a 
recombinant bacterial adhesin variant as defined above and a 
PimH adhesin as also defined above, and a heterologous 
polypeptide. 

The invention also pertains to a recombinant bacterial cell 
which expresses an adhesin selected from the group consisting 
of a recombinant bacterial adhesin variant as defined above 
and a PimH adhesin as defined above, and to a con?josition 
cooprising a population of such cells. 

In one interesting aspect of the invention there is provided 
a method of isolating a bacterial cell «q)ressing an adhesin 
having modified binding properties relative to a natively 
expr&eaed adhesin, comprising identifying in the bacterial 
cell DNA sequence(s) coding for the binding dQmain(s) of said 
natively e9q>res8ed adhesin and substituting at least one 
codon herein, whereby a modified adhesin molecule is 
escpressed that is different in at least one amino acid from 
the adhesin e:q>res8ed natively, and selecting a bacterial 
cell escpressing the modified adhesin having an altered 
adhesion phenotype relative the natively expressed bacterial 
25 adhesin. 

In a further interesting aspect the invention relates to a 
method of preparing a recombinant bacterial cell that binds 
to a specific receptor moiety, comprising introducing into a 
bacterium that does not produce an adhesin binding to said 
receptor moiety, a DNA sequence coding for an adhesin binding 
to the receptor moiety, and selecting a bacterial cell ex- 
pressing the DNA sequence. 
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eacterial «U ttot grows In sala location and «9r...ea an 

r IZT'^'-f ""'"^"^ "^"^ ^"^^ re^torix" 
ey, ana admnlstering to the location the bacterial ™i , 
the aaheein ^ a^^^TtL " 

rS::»riT ^"--^"^ contact^rehy 

the adhesin ia aasooiated «ith the receptor «oi.ty. 

DSTMLED DISCLOSOSE OP THE IBVBHnOH 

culee such as polysaccharides, glycolipids, glycoproteins 
polypeptides and proteins Mr,^o \, ^J-ycoproteins , 

^1. . pi^ceins. More than a hundred differeni- 

oaccerial surface cts components of 

these three term being uaed interchangeably herein or J 
n-fia^rial or afi^rial adhesina ,rj. .4^ .l^iea T 
taB4,rial or piii adh«ii„ following3!L 

^iu'^pi'^csr ^ 

Plil, K99 pill, CS3 plli, P17 piii ^ . 
^e™«i.e, type 3 piii, ^ ^^^^^^ 

t'^s^r^ «t-colitica: ^ .ibrillae; i:Ter:inia 
pestle. pH6 antigen and Fl envelope antigen. 

topples of non-£i»brial cell surface structures which have 
adhesxn function or which „y c»^rise proteins having ^2 a 

tZlVTr- layers, 'ou"e1 

nenorane proteins, sn (non-finbrial adhesin) -l iipa-2 m-i 
3. HPA.4, APA (afi^rial adhesins,-!, «*.1I a^ Z-m 
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in the present context, the term -fWiae- designates 1 ng 
thread-lik bacterial surface organelles. Plnbriae are hete- 
ropolymers each c nsisting f about 1000 structural coirpo- 
nents, mostly of a single protein species. However, in inany 
5 cases a few percent minor components are also present. Adhes- 
ina can either be identical to the major structural protein 
as in Escherichia coli K88 and CPAl fimbriae and type 4 
fimbriae of Pseudomonas, Vibrio and Neisseria, or they may be 
present as minor con5)onents as in B, coli type l and P 
f^rr*? reviews see Krogfelt 1991 (ref. 62); Kaufman 

and l^yior, 1994 (ref. 60): Kuehn et al., 1994 (ref. 63)- 
Klemm and Krogfelt, 1994 (ref. 61)]. m the latter case,'i e 
When present as minor compounds, the adhesins are closely 
related in amino acid sequence to the major f imbrial compo- 
. nent. AS used herein the term bacterial adhesin will aZ 
xnclude adhesins isolated from non-bacterial sources indud- 
ing viruses, and which are e^ressed in a bacterium. 

T"^"^ ^ functionally as a representative 
e»«5>le of a bacterial adhasin. 

IT '"/""^ " "P °* "» type 1 fl^riae aal also 

forma o£ the adheain target to <Mod to) oligosaccharide 

structuras containing t.r»iaally locate, «.D.«nnLd. „ai 
*|ea IKTogfelt et al.. i„0 ,ref. 2.U . Baaed on studies :ith 
™rious D-«annose derivatives the receptor binding site of 
thePi^ adhesin is ass^ad to b. sbapad like an 'longatl^ 
pocket large enough to aeccon«late a trisaccharide motif 
tSharon, 1987 (ref. «s)]. 

^e Ji^ gene encodes the precursor Fim protein of 300 amino 
acxds [Klemm and Christiansen, 1967 (ref. 27),. This precur- 
sor xs processed into a mature form of 279 amino acids The 
ami« acid .equ«.ee of the B. coll PC31 p1„h protein is sho« 
in Table i below wherein cysteine residues are indicated by 
asterixee, the signal peptide is outlined in bold letters 
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and two regions contributing to the binding 

lined (SBQ ID NO-i) iTi. OH 1^ w ^^"^^ ^^^^ ^ "^er- 

a proline resi^ ^ ^ » ted that residue 176 is 

PC31 p«,et ^ r " ^'-^^^ ^ 

proceu lias first nibllshed ar, 

*/i*«AABxiea, an arginine residue) : 




comparison Fi,« ^ '"notional dcnalns. For 

^v, two c^temrls^rLTr'" ""l- 
" residues in points Z' Jt^"" °' 
tral genes. Purth.x«,r^ sil^ ."^'^^ 
-i«il« positions in t^ ^T^^ ^^^^ i» 
-midway- point is ^ "«J.ves of the Fxaa protein. The 

5 evolves differently wlthlhl^ T 

<»o:«i= harbouring ^hr^c^orl'T^ 
terminal sector Lc^^'IILTL "^"^ " 
for integration Into the fl^^ IL^.T 
having the features of a „ organelle structure, i.e. 

leacures of a structural conponent. 

' m- frame linker insertions into the «™ - 

-del Of the P,™ protein. Zs Z TjZ T''^ 

Of th ^lecule generally .":ot"L«rf1re":ir™ 
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recept r-bindlng ability whereas abolishment f receotor 
(ref. 63)]. et al., 1994 

adhesin having certZHl^H " 
eive to the n.Mr.11,. binding properties rela- 

.rc whl^lt nrrv:*""^"' T"*" 
anco^eea el :atrl^he^ TjT^f '"^ 
»d binds to receptor Jj^"es^o^L 

- .eeeptor .iet.r::Lt"r» re^/rnor 

binding manner with 7 interact in a 

-t. ^sooiatrooi::."-^:::^ o" 

depends on the tvoe of ^ binding 

action bet^en rrL^tri'leTLrt: r^"" 
present context kT """'^'^y adhesin. m the 

and bl«>lngT;on eti^jr"" "^"^ ^^-^ 

-»ds, h^opLlc" Lrra^^r^l^r^jT?"- 

ionic interactions. Accordingly ^ t^LT 

as used herein encc^se. »oleVtT.Ml=^'"r'"'' 

interact by the above binding Ces 

ln°na apeclflc e.nbodln«nt, the adhesin variant Is a 

"annose-sensitive adhesin not^ally blndina IT 

"elected from a donain where^!^ , "=aP'or 

and a do^ln .::o^ ^tde'^lT 
add sequence which differ^ f!!!^! ? " 

on oitiers from the B. coil PC31 pija adhes- 
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^ by at least one amino aelrt r«o<^« - w 

preterably by .t least TZ^ ^ ^ 

least 4 acii lat'Tt at 

«y even ^„a. ^ ^„ ^ sTL'actarc: Tj^'' 
6, preferably by at least 7 m«^« ^ 

^ »=» p-wr:t';jr/:L'r^„i:e:rair 

least 10 amino acid reaiA,«- xn particular by at 

" a=i^ incxuatagt at Ct 15 " " " 

aeeoralngly, the above PiaH adhesin v,rt.»^ < 
l«st 90* ho^logoue to the ^^^T , '"''^'^ « 
least 92* ^ ailhesln, such as at 

east 92% hOBologous, aiore preferably at least gjt 

homologous, even »re preferably at LLt sTh^l 
15 "ost preferably at least 95* hoLlogoL l!^'^""' 

least 96* homologous, e.g. at l««t m'h^l « 
tloularly Interesting embodiment? t^e al^LT"' 

'° -X'r.n:rrsrrs7j'd:ff=^- 

-vlng Identical or ^^^^I^Zl^Z.lZ'^"^ 

«s It has been mentioned above th. nr» , 

generally aimed at providlnT^e ^aL 
25 adhesins having specific^i bacterial 

expressing the'adnsL':a^':::ror':::"l" r^'*^ ^""^^ 
isolated or purified t,^^t 

desired Uetlec^Tor^L^ty^r^" ^ " ' — 
variant may in accordaj. wito^'i^ ff^'"' "^"^ 
30 variant as defined above bt^s^^^l^L:: 

ru^::L"f"h:r"'! -Pto:s"or:r::sr 

Burraces of humans and animals, such as e o 

membranes of the gastroln^oo^/ , ® =«co8al 

and the ral l'^""^ '"^'^ the t eth 

•4 5 cavicy, and th mucosal membranes f ^ 

35 at ry and the genitourinary systems. Incl^ are So^ 
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adhesin variants tbst k4-j 

In a further embodiment, the aHhoe->» 
S IMS aspect is of =.^7 , 1 " receptor moiety. 

are cultivated "f ™L ^.l^f::!"^"^" 
desirable effect L^h "'="*^' bacteria having a 

^0 cidaliy active ^^e^ e a T'^ "^""^ " 
«««iipiee D.Bti^4- sMuce, i.e. a biopestieide Including as 

Of heLitJdL. ^ •'^^ detri^ntal effects 

cies ^/Z To *'r*"«^^y " "'"•in plant spe- 

' -cteria'wiir r"^,' ™ Z Z T^' """" 

=^ra~~ sr:.5rp^ 
rnr vL-^ T? ^^^^^^^^^^ 

herewith. " " " *** "S^tem colonized 

Accordingly, the pres«.t invention eneonpasses adheeln . 
ants as defined heiein »h<-i, v< ^ =™«>aBsee adhesin vari^ 

to a phylloplan.^^,r ■"•«*«ly « specifically 

z *wpxane reenter moiety or which h-inn i-^ 
on plant roots. Similarly adhJir . receptors 

Which are targeted to So' ^ ^^'^ ^ P'°^<^«'^ 

argeted to the stem or the flowers of the plants. 

As it is mentioned above. baetoT-<ai ^ 

having an inherent capa^il^ to IT", "'"^ "^"^ 

■«te surfaces carrvlBf!. interact with inani- 

adhesin caTInt^rL^r " "^"^ 

can interact to become bound to the surfaces. It is 
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Wcs ana polysmc^s «"ctures Including pi„. 

5 Doaalhi- ► '^""^"^'ss- •me present invention has mde it 
poeelile to deetgn bacterU which bind eel.cti«lv 
inanimate surfac. . seiectively to any 

-..xy. the pr^ent ^ITJZ TZ^l^'^^ 

o. thia "=-o^\o"h:::er^i^ha"Si"'rch^"^' 

5 genes coding for Dollu^=r,^ ^ J? "^^J* conprise 

I" a further enlbodlioent. thar. i. 

i^tion provided an accordance with the 

^uelon protein ^^^T^ ^ ^ZT^ ' 

a-Zin'aL' ^tt^^ 2'^^^^:^::'-^' 

fusion protein, are ln.««ed into ^Tc*!^, 
o« «hich the adhasln 1. a structurTp^ °T""' 
.dhesln-carryln. cell organeuH^rL^r^lT 

e... regions co:::,!^^?.^"^;' oT^ITlt ~' 

acids. =a:r;nsr.d"inrt^/n^r ^:i" " 

the binding prop rties of Le"L^rLt^ ' ^^'^^ 
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IB useful entoodlaents of the invention, the n n-adheein 

r gion of a fusion protein comprising an adhesin variant as 

defxned herein include a heterologous polypeptide which is 

Z Zl^ " ^ ^ P'°<^«=t: and 

an antibody. 

It has significantly b«n found that, rt»n fusion proteins 
are e:,.resss<l in ^ch the heterologous polypeptide is an ■ 

r^T. .°H ^ ^^"^-^^ O—lB fonning «, integrated 
part Of the fusion protein, and thus presented on the surface 

host cell expressing the fusion protein, the epitope- 
c«y^g polypeptide can he presented in a conformtional 
form similar to Its natural confoinatlon. 

Purthez»ore, it has surprisingly been found that the above 
t^ion proteina can be overproduced by the bacteria co.^rle- 
t=g hybrid genes coding for fusion proteins, resultingl. 
accretion Of the fusion proteins to the gro«h s^dlu- in 
large quantities. Accordingly, the excreted fusion proteins 

^ITr T^' ^ ^ "-^ 

affinity chromatography, maee findings provide the means to 
™™facture bacterial cell, having on their surface hybrid 
adhesin-carrylng cell organelles a. .ell as to produce large 
^titles Of excreted fusion proteins, both of'whlch c^: 

p™11 ?T ""^'"^ " determined by the binding 
properties of the adhesin variant of the fusion protein. 

The above technology of making adhesin varl«,t.fusion pro- 
teins is useful for a range of industrially important pur- 

poses such as: 

(1) development of live vaccines targeted to specific cellu- 

lar surfaces; " 
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(ili) developEnent of fusion Dro^o^«= ^«»k4 . 

properties with sp^eJnc ^1!!^^' "^'""^ 
itlea Qn,.>, * . Bpecitic enzymatic or toxin activ- 

the Boiety when th. ^ ™* releases 

fusion Proteintctr^^^XfL"' L^'' " ""^ 
active components. Ba^pleslf ^^L. '*«»=°l<>3i«lll' 
inciude logins of , plication, for this use 

and deUverHf "° '"""^ 

tissues or tissue ccs^^^ 

(V) development of fusion proteins which are useful in 
ity purification processes. 

pLrL:nL\T:.r:'s""/^ - 

.enes. and ac^r^, ' AT^^'Z ^T' ""^ " 
allelic variants ofV ^iHiT,^ I^^^^ 

rofliH gene product differ bv as . 
^hsti^tion and confer di^t^ct^^^^L^ l^^T" 

Accordingly, ae it has been mentioned above, the present 
anvention relates in a further aspect to a ^i^ 
having an amino acid sequence whi^ 

PC31 PiBH adhesin ^ Ho^ ! ^" ^- ^^^^ 

a« defined above by substitution of at 
ie«ist one amino acid T^ w ^ -^-j-wa or at 

adhoo^« ^ understood that such an 

adhesin encon?«sses naturally occum«» 4 

r "^n-r "'t'""^ ^^rrrtan" Ti^ ^= 
senes. m th.. c ntext the term .fi,s gen., denote, a gene 
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recognize aaa bind to a Tc^l T ""'"'^ " 

The PlnH adhesin as dof<„a^ w 
= inherent blna^/^^f,^ an .dh„ln tavin, 

in relation to an aLST^c^L " t^^^lx'"'"' 
sene £ro«. Aioh the gene cad^!^ -aturally occurring 
-Serlvea, tae alte-d^!., ' '"^ ^^"^ ^i"' i« 

10 insensitive Z " 

.iesWe^t^: .Tjr^'-'"-^"-- ^« herein to 
presence ot .1=^. !" ^ 

F« aahesin a '^"'"^ e»bcdiMent. the 

receptor -oiety .2e«inrr:? T^'' " ' 

s dues are not tet»l^^ rroLfT"" """" 

« e.g. g.,..,,,,,^ a'ii;cr:^.r:':„trr- ~- 

invention mJtL ZT./^ """^ '° 
as a caselTLcl^ rts" "^'^^ """"^ 
alb»en and a co^la^ T ' ' " '^^i"- » 

protein. "^^-^ including soy 

~=h as an a^ '^T.^lt^^T^ZT:''- . 
aclde. preferably by at least 4 acl^ l^T ^ 

by at least s amino acid. Preferably 
a-ino acids, m fu^her »em =^1^"^ " ' 

ae^ence «y even dl«L°;^:^„'trr"L>'^ 

at least 7. preferably by L^Z,TT L *" " 

least even »re Pref lb" ^.t Crio':^^ ' " 
lar by at least u anino add ^.l* ^ Particu- 

« amino adds Including ^^tTeL^; ^ " 
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Accordingly, the above PlmH adhesin is preferably at least 
90% homologous to the PC31 Piaa adhesln. such as at least 92% 
homologous, more preferably at least 93% homolog us ven 
more preferably at least 94% homologous, most preferably at 
least 95% homologous, and in particular at least 96% 
homologous, e.g. at least 97% homologous. In particularly 
interesting embodiments, the adhesin is at least 98% 
homologous, including at least 99% homologous or at least 
99.5% homologous. 

in on. .pecitlo «i4«dii»nt, the PiaH adheein defined above 
"one wMch, wl»n test«l for binding to yeast mannan (Mn) , 
l>u»an plasm, flbroneotln (pn) , perlodate treated Pn and th^ 
.ynthetic pn,tide Pnspl comprislns the first 30 a»lno adds 
of Pn, »ay bind, to Mn. in the follo«lns, an adhesln having 
this pattern of binding properties is designated an 
«olass P1.B adhesln. In other speoitic e-tKxU^ts, the Pi.a 
adhesxn « an adhesln rtlch, rtien tested for binding to the 

TZ 'TT^- to and pn ,MP class Pi„H adhesln) 

or an adhesln «hich aiung these ocapounds bind to all of 
these (MFP class PiaH adhesln) . 

It has been found that b.ct«:ia «,r.sslng Pi.« adhesins of 
the above MPP class bind in a ^mnose-sensitive (MS) .nanner 
to polyo^qrethylene sorbltan monolaurate (T«en 20) and a 
« ,i " " POlyoxyethylena sorbltan monooleate 

a^ "'-/urther-^re. bacterU expressing MPP class Pl^ 
adhesins »ke a «ch tougher pellicle than bacteria e:,pres- 

° " ^ P""-' =»nte«, the 

ter. .pellicle, indicates a layer or fli„ of bacteria that 
*ox,» at the alr/llquid interface of a liquid growth nedlum 
This noticeable phenomenon might be of particular interest 

efface ' " microorganisms at the 

surface Of an aquatic environment, such as e.g. bacterial 
cells y*ich in accordance with the pres«.t lnv«,tlon express 
a pollutant-degrading gene product. 



^O9Sr206!n PCiyDK9»00042 

17 

An ther interesting finding is that bacteria e3q)re88lng a MPP 
class adhesins bind to hydroacyapatite to a higher degree than 
do bacteria ejtpressing a M class adhesin. Hydroxyapatite, 
especially saliva- treated hydroxyapatite is i.a. used as a 
model for tooth enamel, and accordingly, this finding indi- 
cates that bacteria e3q>ressing MFP class adhesins are par- 
ticularly useful in bacterial con5>ositions intended for 
colonization of teeth. 
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It has also been found that the MPP class adhesins bind to a 
large range of synthetic peptides and accordingly seem to 
have a broad specificity in terns of amino acid motifs. 

In further specific embodiments of the invention, the PimH 
adhesin is an adhesin which, when tested for binding to the 
five Pn-fragments obtained by thermolysin treatment as it is 
described in reference No. 51, only binds to the 40-kDa 
gelatin-binding fragment or which binds to all of these pn- 
fragments, or to none of these. 

In addition to the above classes of PimH adhesins, another 
class has been identified which is designated the if- (low 
adhesive) class. Such an adhesin confers the ability to 
aggregate yeast cells in a mannose- sensitive (MS) fashion, in 
titers similar to M class adhesins, but surprisingly, it ' 
binds at only low levels to Mn or Pn and PnSpl. Purthermore 
adhesins of this low adhesive M^- class adhere poorly to MDCK 
buccal cells and erythrocytes as compared with M class adhes- 
ins. Example of a class adhesin is one expressed by the 
recombinant E. coli strain KB 23 which differs only from the 
PC31 PimH adhesin by having an alanine instead of a valine at 
residue 27 and the PimH adhesin expressed by the human fecal 
E. coli isolate which is designated P-18 [McCormick et al., 
1989 (ref. 34)]. This latter adhesin differs from the PC3l' 
PimH in three amino acid residues and the P-ia isolate has 
been found to colonize the large intestine to a higher degre 
than certain E. coli K-i2 strains do. Acc rdingly, it is 
35 contenplated that thes # class adhesins confer to 
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g«.trolat.sttaai bacteria the ability to c Ionize the large 

fttetlT'.t ^ "™ bacterial Z 

f« exerting it. i«„nological effect in the gaetrointeetinal 

adhesion le found that is not aenaltlve to inhibition by D- 
^hnose^such a «n„o.e.in,eneltive ,or .annoee.re.i«l° M 

^'^'^'^ ^ "» following a. «. «« adhea 
Of a bacterial strain ej^reasi™ an M«adh« 

f"l^x^""^^ "^-^ -t!o::dltr- 

^ accordance with the invention, a Fiafl adhesin as defined 
above can be a chloric adhesin cosprlsing «nino aoid 

Of" ^ -^"^^^ restriction fragalta 

o^ """^ corresponding frag^ts of an 

=0 *° ' " i» -"Plained b^L 

20 r.co.u,in^t plasmid. containing such chi^riHia* gen^^ 

be transfonned into a host cell and transfot^ant. tL^ ^ 

adhesive ph^type, allowing detern^nation T". Zl^ Z 

each gene capable of conferring functional activitHpiT 

that all of the sequence changes relative to the PC31 fia« 

I coTl^T:! "T"^ ^ studied^trar of 

r clinical isolates (CIs) designated »s 3 

"^"-3. respectively. occurrrbetweL 

30 Zl J """^ ^^^-^^ residue 

30 nature fiaa sequences. "ioue. 

Accordingly, the invention encc^sses in one enbodi«nt a 
==^rising an aMno acid sequence which differs 

oc^r!? : ""^'^ « add 

occurring between residues 27 and 11, of the „ture Fi^ 

is sequence, xncluding a adhesin ccprising an a«tno acid 
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rt^f"!/"" ^si^ ^ 

"tamlB variant. recombinant baotariaa 

1^0 As mentioned above. th« 

to a recombinant r^pX^Jr^ ^^."^^ aspect 
tor a recombinant bacterialTK . "equence coding 

or a ae^ence ^ tTpI^ " 
herein. Such a renlicon f " '^•'1«<> 

S some or a plaLiT ^Tll """'^ « 

- -erted' "^^'r^^rrHcL:— -^^^ 

onaertion by meana of rastrictl™ tecinxque. such as 

ligation, or the .1^1":","^: T 
replicon comprising a nl^^,, ^ ~bjeeting a 

' an adhesinl! a muL^^^ "T""" '^'^ 

erected "utagenesiafta'mlTrr 

~tagenlzation by ra^tT; ° """"^^ ^^<^t. 

tollo^d by sel^titlrc" r: ^^T" 

conferring altered hindin^^i^pe^'',^.! "'"-ce 
=»pri.ing the wild-type 'e^^^ " " 

In preferred embodiment « ^v.^ 

■aving a broad hlaT^ ^ recombinant replicon is one 
turally oc^^l'Zl t''^^^""^'^ "Pecies na- 
and outer s«fac«1f "^^"JH^"^"--". » i»er 

-ibie .th repiicons occurr^ ^l;^::^ 

2oris"r«htr^'r.:::re""' - 

i« i-ving an aaon acid Z^ZL'T, " 

ecu PC31 piaa adhesin by ^ ^• 

™ hy at least one amino acid, including 
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an adhesia having an amino acid sequence which differs from 
the E. coll PC31 PlfflH adhesln by at least 2 amino add resi- 
du 8, such as an amino add sequence differing by at least 3 
amino acids, preferably by at least 4 amino acids, more 

5 preferably by at least 5 amino acids, most preferably by at 
least 6 amino adds. In further useful embodiments, the amino 
add sequence may even differ by more than 6 amino acids such 
at least 7, preferably by at least 8, more preferably by at 
least 9, even more preferably by at least 10 and in particu- 

> lar by at least ii amino add residues, such as by at least 
12 amino acids including by at least is. 

Accordingly, the above recombinant repllcon preferably com- 
prises a Dia sequence coding for a PimH adhesln which is at 
least 90% homologous to the PC31 flmtf gene, such as at least 
92% homologous, more preferably at least 93% homologous, even 
more preferably at least 94% homologous, most preferably at 
least 95% homologous, and in particular at least 96% 
homologous, e.g. at least 97% homologous. In particularly 
interesting embodiments, the adhesln is at least 98% 
homologous, including at least 99% homologous such as at 
least 99.5% homologous. 

m a further embodiment, the above repllcon co«»prises a DNA 
sequence which is a chimeric flmff gene as it has been defined 
above comprising dna from different fiMi genes.. The repllcon 
can also be one which coi«5,rlses a further DNA sequence e g 
derived from a microorganism selected from a bacterium, a ' 
virus, a protozoan, a fungus and a yeast. This further DNA 
sequence is e.g. one coding for a heterologous polypeptide, 
including an epitope, an antibody, a toxic gene product, a^ 
enzyme, a pesticidally active gene product and a pdlutant- 
aegrading gene product. 



in useful embodiments, the repllcon as defined herein com- 
prises a DKA sequence which is isolated from an Bnterobacte- 
riaceae species. Including a DNA sequence which is Isolated 
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5 ticnal technic,. T^ ^^Z 

. heterologous polypeptide l^cT?,"^ " '"''^ 

epitope .antigenic ^JJ^l^^^^^L^" " 

-Mci. pol«^ptiae, «»n^e,^ JTl^'' 

or an animal ia o.™h,. """oistered to the body of a human 

« ^pressed is .*«ntage»1Jy «,t.1dr't" 

live vaccines, such vacciJs ha« ,1v,ta^""^"°° 
toowi live vaccines! »everal advantages over 

a"™ :ce"""'^ - " — 
>0 cells. TMs i-Pliea t^at^ L°r^' °' 

the epitope further oompr^sILl T^^' ^" 
epitope. When «.pressM^l! tn tr«>.porting the 

I.e. '"helocatZ itl^r^gr^™"' tL'« ^ 
l«mologicaHy highly adZ, "«=»br«>e. nils is 

= he brought more" o^^lTZ^i^^^ ^""^^ 
competent cell, of the body ""mcTI?™"'"^"*''^ 
e^reesing vaccine cells a^etdati 

p:::::i^«n":etuc"ed"" " Vlng fusion 

' erties «>ere^ ^ri^: =" rm^^-^-V:--' 
1- location in the body where an iZ^^l^ 
the epitope is desirable Tho *™oxogical response to 
ing ceil to a 

" ~ ensure that the cell is't:LnLt rh:::^ 
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or animal body la that particular location for a period of 
time which is sufficient t obtain the desired innnune 
response 



10 



in accordance with the invention, a useful cell for egres- 
sion Of the above fusion protein is one selected from a 
bacterial species which inherently contains an adhesin- carry- 
ing surface organelle. Such species include as examples grZ- 
negative species of Baterobacteriaceae such as B. coli 
^siella spp, saln^ella spp, yersinia spp, iribriona^eae, 
Hewopblius spp, Bordetella spp and Pseudomanadaceae, and 
gram-positive species such as i^eisseria spp and Streptococcus 



25 



30 



epitope part of . fuaion profin according to the inven- 
tion can be an epitope derived from an, pathogenic organism 

such pathogenic organiams Include vlruse., bacteria and 
eucaryotic organisms such as fungi, yeast or protozoa. 

"ft" ^'^^ »" opttope-canylng fusion protein 
lltZT ^ -ed as a live vaccine. It Is also 

wxthin the scope of the invention to provide Isolated and/or 
purified cell surface organelles cc^rislng the fusion pro- 
tem, including fimbriae and pill, as a vaccine, and it Is 
also contemplated that useful vaccines may be provided where- 

blerimrr " ^"°«»-"ylng fusion protein have 
been killed by conventional methods such as formaldehyde 
treatment or thennal treatment. 

fL^ T^" «bodi-ent Of the Invention, the fusion protein 
according to the lnv«.tion comprises as the non-adheaL 

toxic effect on partlcul«r cell. In the body such as e = 
cancer cells. By selecting the adhesin part a. one having a 
specific binding affinity to receptors in such cell. IHs 
possible to have cells «,ressing the toxic g«ie product 
bound selectively t such target cells .hereby th^se cell. 
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(^1^^, """'^ =-prl«lng tie cell t^c 

(cytotoxic) gene product for 
5 toxic product. °* targeting the 

In a further interesting enibodinient i-hi* *„-4 
comprises an an^^K^ ! «nooainient, the fusion protein 
oniprises an antibody. Such an embodiment is .7 • 

protein 4 .e"::^,:,, ^"vrr'" ' '"•^^ 

a Molosical e<»p<«ad o/^lLw " concentrating 

= conprialng th,^!^"^^ °^e^l.a 

colcicall, active. r^^rcSTac^TT ^i" 
Po™^ wiU. tie purpose ot provijng c^.^ ^l'" 
carrying tj» active co-ecunL «hl=! ^^ k "rganellea 
le to particular regiZ Tt'J^ZZT^T 
the., ceils or cell organelles are^s't^^ " '""^ 
tion encompaasee any contination of rr^"'"*- i°ven- 
defined herein and L "T, ^™ °' « '""i™ protein as 

a nereln and an active conpound which h. 
bound to a fusion protein. «" be covalently 

binant bacterial adhesin varlLt or Hl^^T ' 
above, in one specific eabodi^t tL " '^^^ 

whi.h ceases the al^ve.:^^ 'ret^1:^e " ul'" °^ 
Depending on the field of application of aleU it 
e.g. be aalected from a soil bactarim, / ^ 

a^bacterium .hich is n -ally'^d^i^^tr: 
bacterium which is men^r of the human r ani^t^;,:^ 
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bacterial flora, or a baecerlm which < „ 

certain ecological niches such aT . '° "'"^^^ 

Pl"te r certain inanlmte ^r^es^' J-^i'ica'ion 

lie mjor significant advantages which ., v 
5 the present Invention 1» fh/ , ""^ achieved by 
■-nt bacterial cells «Moh ^rT" "'^ " ""^'^ 
«>apted to grow in a ^1c!^°°' «»l»9i=ally well- 
"bich are also provldT^jT" '"^'^i^l environ»nt. but 
■ently m their 'ec^^c^J" -re p.r». 

10 for i:,proved abUlty to^lo ""iroanant. These means 

«^»ins «presse^ Ll! LT'." «e the 

.tructed ^/or s^lleT "^""^ been con- 

bacterial cell to adhere to « T^^' recombinant 
tie environment i a th. k " "Pedfic receptors In 

« that environ' Z;^^' ^'"^^ "^1- « targeted to 
present Invention ^11^ ^""^ '"-"^ " the 
advantage relati" 1o o^^ " '^^'^^^^Y ccn^titive 
*i=h do not tav. s^aT^t™ ^ "^«-»"t 
binding to receptors p^l^tTT" "^-i- 

" r "™ « tiatcttnt « ^-t not 

Invention. "•ocenai cells according to the 

la addition to the envlronment-SDe=i« 

bacterial cell egresses 1^ adhesias which the 

•"^=» i= desira^ " t^ ^i^ ' "^^'^^ 

2= seted. *s one «cample fc^ ' '° '^'^ i= tar- 

-Wch is orlsi^^ r;ol.t.i '° ^-^"^ 

nous bacterial C^^Luyt « ^^.e- 

epitope including an splt^ 1 ^ °^ "presses an 

tern expressed ^ the tact^iT » '«elon pro- 

30 be mentioned a b^ctti^"et'Ll i »^ 
and Which e:,resses a ^sticidr^^ i» isolated from a plant 
^cUlus thuringlensls^^^'l""''" -u=b a. a 

plant root-associated nlTZ' examples Include a 

eoli whichraico'^r'^rirsrir 

35 With adhesins improvin. th. ^ invention Is provided 

scorns PermanentCLtir^- ^ ^ ^ 
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P Uut«t. to be ^e,rj^'^^"^' 
Aceordlagiy, the reconbinant haCT„<.i 

need ZtTToXiri^!^"''"'"™ -^"^ « 

e».*l.e «.te«tecteria^«e^ '"^'^ " 

^ certain enbodUnants of the inventi™ 4 ^ 

the present reoce^i.,,, bal^^IT-, , f '^^^-o.s 
one Which, .hen it is a<taini,^7t, . ""^""^ " 

or environment, win n-lT , Partieuiar location 

= ingxy, anch a ;erj;;i:^t'^t::i^ 

a sene codlna for a ""e^ial cell my further ccoprise 

Wiling or cLl fu^etZ l^T ""^ a 

agression of LrHlT'iif <=ell. the 
ftmction-liJt'g" ^ -^"ing or cell 

' -anne. that the L^^"tu ^ 
apadfic location win t w," '"'"^ '° ""^P'or in a 
m a Pre-deter^ef^ ""^ " '^'^ ^ '-ction 
i^Uing or celTl^c^^aJ^L'"" '« 
regulated by a factor a" ecl^"''^ i. suitably 

atochaatic event, the pre^S/.^ o««i.ting of a 

in .he location, and ."Z^^l^l.'" ' """^"^ 

erv:ra^rvLTe:red"^'-^^^^^^ 

a:<presaed Pi-^eartlttllirab" ' 
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at least one am<no acid . 

in laving an altered adh. ! "'"""^ the modified adhes- 

-ivei/.,«i:2t.t:raSer"^ - ■ 

.efee and "^^XtrTeirrLr^''^ ad.»sin-en=odin. 
adheain s«.e replaced L . ^ '"'^ ^ ^ 

Of a di«er«.t ^"^LIL T^' heterologou. region 
10 ptonotype. Having ' 

"Preseed adheail. rtl'w J^^, °' "» 
Ph«.ot,pes «y be Obtained by a^t!t«I^ 
in the binding domain (a) to^,^^ ' " ""^ 

ad'^aina and sel^ ' " T '^"'"'^ recombinant 

s - -atitutio:''o"?^"L,":ncSLTr" 

per se such as site . 7 ^=*^evBd by methods know 

ougonnoieoti:er::;'^;'\r^rorr:^ ~= 

or hy oonventionax radiation or ZZr:^^,^^'' 

a^aain. a aeaooiat*. with the 

adhesin ie ^ ^^V"" re=-binant 

a -a-ear:ox;:pSL":hirt:X'i?eL'"" '^^^ 
recombinant adhesin as part oT.T^T^ a:5«Baed with the 

the adheain. Purther^rT °° ="««iains 

above method m^y^ ;p,^i*t^L:f!^*" ""^'^^ 
covalently bound co^^" , rf^" a non- 

in When «„resaed.^^ associated with the adhes- 

^rLitiafr^st 

-reby '^^T ^^^^ 
-ents Where the presence o, b^cterS^vZ T^ZT'"^- 

^TT. 'L':^-^'^-^^- r^r 

»c-bi^t -ariai— rbL:ra%=-4t r 
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moiety, compriBiag introducing into a bacterium that does not 
produce an adhesin binding to said receptor moiety, a DNA * 
sequence coding f r an adhesin binding t th recept r moie- 
ty. and selecting a bacterial cell e3q>res8ing the DNA 
sequence . 

The primary objective of this method is to provide the means 
of constructing a bacterial strain having the capacity to 
colonize an environment, based on a parent strain which has 
an inherent, useful phenotype in this particular environment 
but whxch does not e^cpress an adhesin binding to receptor 
moieties in the environment. Accordingly, the method includes 
as a first step the isolation of an environmentally adapted 
bacterium not binding to appropriate receptor moieties and in 
subsequent steps, the identification of heterologous genes 
encoding adhesins which bind to receptor moieties occurring 
m said environment, preferably moieties occurring abundant- 
ly, isolating this gene and introducing it into the above 
parent strain. The adhesin gene may e.g. be a gene coding for 
a naturally occurring PimH adhesin or a recombinant FimH 
20 adhesin as defined above. 

in one useful embodiment of the method, the adhesin -encoding 
gene is introduced by transforming a parent bacterial cell 
with a recombinant replicon as defined herein. In further 
embodiments, the method is designed so as to obtain a cell 
Wherein a non-adhesin compound is associated with the adhes- 
in e g. by introducing the gene coding for an adhesin as a 
hybrid gene coding for a non-adhesin polypeptide whereby non- 
adhesm confound is expressed with the adhesin as part of a 
fusion protein conprising the adhesin, or by binding non- 
covalently a conpound to the adhesin when expressed. 

Besides the above method, an adhesin carrying bacterial cell 
having an altered pattern of adhesion can be provided by 
using a selection procedure coaprising contacting an appro- 
priately sized p pulation f wild-type adhesin- carrying 
bacterial cells with a potential receptor moiety to which the 
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s PTC sue an enri JStlt;.'^:^/^"^^^- 

ability an raaaiiy b. °™ adhesion 

Oily be isouted and further characterized. 

*s it has been eicplained in detail, 

"ve Of the present InventioTlT J ^"'^ ^i*"" 

'ar^ating a co^l^ 'lili means of 

10 in^ntion relaZ in Z I^'^IT '^^'y- 
'"sating an adhesin to s^TToo^" 1° ' ""^ °' 
the identification in the 1o«m^ ""^'^ conprises 

"■oiety preferably beL^L m r °' ' ""'P'" ""i""- 
particular locatlo^^iT T -Ix^tantly in the 

■= With «. adhesT^ Z iJ^^Z 1 

i» capable of gro^ag 1 " """"^^ 

"""■.Sin Which recognfs^ ^ "^"ssing an 

raceptor »iety. ^2^,,^^ "^'^ ^^tified 
an isolated form to thaT^Ltl^ " " "^"^ ^ 

J The identification of a aui^aK^« 

ticular location can he ^ ouT'^'" ^ * P-- 

"-Pie is a screening P^^^^e^ c'en"^ 
-U.«.ins or icnown isolated ad^i^ " ^"''^ ^o," 

location e.g. being isolated^iTorri "'"^ '° 

animal or plant origin or an ^t^. °' microbial, 

rsi^Tg— ^ - ^^"CXir^t:: ^.r 

-rein. xr^indtg^l^Le^^r^r^ o" 

"""cation that receptor moieti." ^ t^^ " " 

«ahesin,s,. ie/are present in tt loLtt:." ""'^ "'"^ 

Alternatively, available data with regard to 
«™nts Of Chemical Pieties pres«.t^1h! ! 
location may be collected or s^ltrh. °' ""^ 

based upon such data, adhaststich ™ 

one or more Of the identified „,or ^ti":: rreltra: 



"".ietle, include as eL^Us^.^T;'-"™"^ ""-^"^ 

bin. With a " "^^^ « 

constiuct a library of T ^' " "9>»ire<l to 

codoaa aa it is «Blain.«T^ J ^ replacing one or more 

"■en screening tils l^r^T "^'^ «>l«=uXe., and 
tlon With idenM«^ ,~:!!^ ""^ "cognition of and 

interac- 

« -odified Pin« adbesins^^eVT","""""- * '"''^ 
to«aras a given recantor L 1^ <or specificity 

through a =ol», "It^iTc^f " 
question or cells or"i^^es~!T°' *** "^"y 
"ithout knowing *at ^O""™ 
- ^pressing ^'^l^JT^^^r^'':' =i»e,s, 
ty/moieties will adhere/wS ^ ' 
•ubse^ently be isolated ttrrir::^ " 

It la within tbe contennlatlon o* ft. ■ 

lographlc analyses ofXaJ^ °' "^"^ crvatal. 
2= or constructed as Indiclt!^^' . "turally occurring 
obtaln^t o. ^ZT^^^'l^^ .or 
assuBlngly Will recognize 7T structures tbat 

in receptor »oietles P»«icular adhes- 

la accordance with the inventlo„ - 
30 .ttthod is one wherein th!T , e^bodiront of the above 

relative to an adhesin Z,l,^7ZZ T^^ '^'^"'^ 
iBolation Of the cell co^rI^l!"!ff < 
bacterial cell, dsa seq^c^l?' "^"'^ ^ « P«ant 
is danBin(s) f said , binding 

£ said natively expressed adhesin and substituting 
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at least one cod n herein «v 

Mid from the a^ho.,!. ™«rent in at least one amino 
bacterid """^^y- ^ -eiecting a 

bacterial adheein or a Zfh^T ! "atively expressed 

expressing an IdL^„ ^ bacterial cell 

-ap«r lutyTa retl^"' 
a parent bacterid celT^fT' '^^^ 
10 binding CO said " ^fesin 

Of molecule interaction forces non-covalent types 

When associated covalently with hh^ . 

be CO- targeted to the selecr^! , f'^'^'^ '^^^ to 

be an en^, ^n antLly TepW^ ^^"^ ^'^-^^ - 

part Of a fusion Protein' o^,!^^!^^^^^^^^ 

Which is associated with t^2l . t ^^^^ * 

in. is typically a pha:ico"or^^^^ rctrve^^-^^"^^"' 

active or inaging coa^jound. ' ^^3"°"i«lly 

Locations to which it is dep^«K•» ^ 

.eted by u.e .r^^'Z:^'^^^^ tar- 
face a nia... ^ "-ik-Auue a numan or anSma^ -uj-- 

tace, a plant surface and an lnanii«ah« «, * sur- 
above. inanimate surface as defined 
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In one specific enbodlmant of t-u^ 

occurring parent aahealn eKuLy^ * naturally 

in from «Mch it is ^ri.^, t>^^T^^''°'^'^ 
including binding to at leait^. Prop«tie. 
the parent adhesin doL '° """^ 

"vantagaoualy deri«rf^ ! I " '"^^ 

isolated frJuZTt occurring adhesin 

tram a cell structxxre selectAr^ ^^^r-i^ 
"isting o£ a capsule a 11=»J, " 

"«»brane proteiT. ^i! ^'J™*' «> ""ter 

•dOMin (OTA) or an afimbrlal adhesia (ahu . 

-it:l'°ustri" " ^ - — --esin 

»ino ac" .":!en1et«ri^' ""^ » -ving an 

residue from llT^l V^.^ " °^ 
^ saving an ^T^' T "^"^ "uci, as a Pi^ adl^s- 

ool. PC3i%ij:::LL jiT^tr^"'" - - 

20 amino add. such a Pi.* adtes^!^ " 

binds to a recn.tor sel,^,^.? " "^""^ ""^^^ 
domain where «Losyl rLil^ef consisting of a 

devoid Of eacchar^ aT^..*^ " ^^^^n 

-omologousTSel^srC^ T"' ^" " ^""^ 

-ch as at least g„ ^^^^ "^^^ " '»rein. 

•—logous. even mote prej^; a^^eL" ^l:.' 
"oet preferably at least 95* iJLlIg^ J!*^'"!""^' 
least 96* homologous, e.g. at leasr^'hr^, ^"'"^^ " 
ticularly interesting eJodlJtT tL a^J°T'- 
- J-oi^^^including at leas"; Z ^ ^Lt 

2L"r?jrinirL^idXir^= — - — 

-Sins and ^^^^^'^^7 ^^-l^^;- 
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In accordance with th iavent<«- . 
tered to a location^ ' ^ ^^^^ ^ a^Minia- 

bacterial celTtl^ 2ll ' ^ -Pressing 

particular lo^atl^n" ^0^:^:1^::^^^^^^ 
5 suitably derived from a bacterll^ T f^^'^^'^ " 
occurring in the locatloTr , ^^ ^^ normally 
surfaces planTs^f" eTsul °^ ^ 

inani^te Lf aceT L IT " 

includes the iLect ^t . ^^^^ ^^"^ 

10 ter a ^^cteliTol'^r^Z"'' ^'''"^'^ ^° 

toxin. «?»ressing an insecticidally active 

isolated f .o^ Te'^in :hlL ^""^^'^ ^^^^-^^^ 
S that Plant to a l^d^t ^ -Ionised the rhizosphere of 

-^er Of the natu^i pl^ ;oo; ,iol' 'TT ' 
then provided with a aLT \^ ^"""^ " ^^°^ate is 

recognize and ileract^th ^ ^'"^ ^^'^ 

the roots Of said p'^It ^ - 
^ -^ch is e^.essedl^^^aS.'J^^^ 

adapted to grow in « „i *«cterium which is not 

tion) . ^itant of the rhizosphere enviroiunent (loca- 

In specific embodimeni-fi 

bacterid ""i-e-rTa ™cincT"<' """^ "^"^^ " 
herein i. at l«,t one aciT " ^'"^ 

■^Ulng or cell t«nction.ll>.it7; " ' 

e^^ression of said gene ccdin^l^r^^o^t ^t^'' 
funotlon-liaitlng gen nroduJ " 

"anner that t*e L^^riT^i ^ r^"*" « 

nai cell, rt,en targeted, will be killed 
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or limited la its function " 

"ay miltably be regulated bT, f *"aion-ll,nlting gene 

«"Ple8 Of such .eul=l!.. * *B 

"one. e^oee ..acXoeea ^ ^VS,T:^1-Z^T 

desirable bacteria in a^fj? ' colonization with 
P-Po-e Of Obtaining b^e^ri„"^~ 
"ora in the en^rolnt.l ^ 

speciee in the gastroint^itinaT,^ ""^^ bacterial 
«a^a bave beneficial effel^ T 
«*e host organia. e . bTl. <=°»dltlon of 

br contribu':^ Z,:^T - 

present tecbnology i1 J 

larly neeful bacteriTf^^ .H"^' P^t^ou- 
» designed in accordance «itb^. "d bave them 

i^roved colonization aSutit 

aasirable bacterial c«,^r f ^ ««»Ples include 

■»=teria. and tee^ ZZ'^ ^ "^'^ "^'^ " 

-ing the dental ena^WtT^" T colonl- 
ins the caries attacks. '^'*"^« "EPressing those caus- 

In another industrially interest!,, =- 

provides the means of IsoTatl!^ ^ ' "^"^ 

"n.P««ion containing t^e^^^^rrtT" ' " 

contacting the solution or ^e^^^ 

protein as defined herein wherein 

polypeptide ha. an affinitr^!^.? heterologous 

^ to the compound to be isolated. 
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coli AABCi9iA(pPKLll4) wii-h , transforming s. 

^ cloned fiaff genes Pia«»4^ 

24 was used as the vector fo^ 7^ Plasmid pGB2- 

descrlbed herein- ' """^"^ 

genes 

Pig. 2 is a restriction map of fiait 

triction sites »«. / ^ '^^e res- 

Hices are present in the PMi ^v«tr 

parentheses followina N^rs in 

^ enzymes are the base na<^ 
the cut sites. Some of these Pair positions of 

fi^ genes, as marked 

caging each a^^S^ie^^L^fr^ '"^^ ^^^^-'^ ^ ex- 
five genes witTcor^!! 1 '"^^^ 
and then recclil^ st^^^^ ^ ^-e 

^o«s are those wMrc^^:^^"^^^^^ 
Phenotypes on the chimeric genes; 

- - a,, p. C2), Peril^t;.^: eTpn"^3rt:'^^^ "^'^ 
strain designations given for t"e 'li^. !!e^,^^^^ • 
given in as. strain designations KB^ 
2S and KBIO. are for reco^ W^^^^^^' f 

which is fiaff- after AABCl91A(pPKLll4) , 

contain fJM^ trTll 'r^'^"^^^^" ^^^h plasmids that 

CSH-SO^dr/in^^^^^^^^^ - - 

results When bacteria were I^!^."^: ^ "'^"^^'^^ 
- -mose. While solid o^Z^Trlt^^X":: " 
D-mannose. Values indicated a^ J! ''''^^^^^ 
each column; "^"^""^ are the mean i s.e.M. (n-4) for 

Pig- 4 illustrates the adhem«« 

MF-class and MPP-clas! f representative M-class, 

and MPP Class strains (cls #12, #4 and #io. respect- 
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blading domain; 3) the iio-icite gexacin- 
5 29 u UO-kDa cell attachment domain; 4) the 

presence of D.,,«no.e. ^ sT^.T!!rr 

■^nte o£ fiMT genes ■oT^tT.T ""'miction Irag- 

a-ino aci. .e^^s ortT^SftTf 

(ref 271 ^. ^ Sene product 

sIZL I ^ prototype. ift„nbered amino acid residues 

shown above the model of th« dm, i>4 » resiaues 
5 that are diff«r««^ T \ represent residues 

au..r::ro^\etrLrrr^:.::: L-r-^r 

e^ou.. .e n:L1^:l^ ".'Is'".'"""''" " 

previously ,re£. 27, "^""^ " 

Of the riMB subunlt. 4 ' ""li"- Regions 

hishiignced T^T :tJI'^^JT7V^ ^''^ 

raa fiiffl gene Dre..„. < ™ ■classic- Baanose-specitic 

d..o^r- P"»«" 1" HB101(pPitL4, and the above 

re:srri^ :^eT::-c:s:rr^' -"""^ °' 

cated w create chimeras are indi- 

cated along the bottom of the model; 

-=lu<Ung the r^^,:^,ZlZ Sr^TnoTe^T'L 
the proBoter region with the Snan sit. In J I' 
a«er linker with an Bgin .<t7Z. ! '^^"""^ " 

to create pPKLsa- ^ sit. 
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Fig. 7 illustrates the construction of plasmid pSMl3i4- the 

^ RSFlOlO. Plasmid PPKL83 was <iigested with Bgiii Ld pVLT 

the resulting plasmid in which repression of the fimA-H 
Cluster is under the control of the tac promoter; 

I'd iV^LTsTr ^ derivatives hereof as 



sl: ^"^^ ^-«- p-^^. p-^a. 

pmiis f', containing pla^nia. pLa22 

PPKLIIS ,c., ualng anti-p„.S2 ^onaZ «.tisej. Bar. o.i 
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" H. i. ff^encft variations ^ ^, ^ ^0 f vmff r^^^^p 

^«««^a polymannosylat^J glyccprotedn iaoaated from 
TJ^^ ~«^-iae «U «a. obtained £r- a 

=o«ercial source (Sigma Chemieal Co, St. Louia, MO D S a . 

is oon^ed Of an N-linked baCcbona of niT-'l^ 
^™an se units j^tb ,-iin^ ...^ / 'l^^^ 
(ret. 38) . The rity of tta carbohydrate f human plasma 
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TlZT^ :f »-»lye=.i«e c=.pl„.t,p. blante«nary 
SJ-ycans and n high mann se-tvce ny h«H,~i^ 
"-ve b«n ascribed ,refs. 3o!^5 sT^!;^,''"*'^ 
Pn fragments ure mrtfi^ ^ " "^"^ ^ ^ 

IS 51 «r puntied aa describad previously (rets s 

Chemistrv Lah=r=^» - synthesized ia cl» Protein 

was c^cteiisS JCSt "^'""^ 
well kno« to react ^a ZlTT^' "^"^^ * (ConAl , 
residues, and t^ ^ ""'"^ "^'y^ 

reco^zes =nir:s^'t^.C^'^ ■ 
2Man sequences is v r u Mtaol-SMan and Manal- 

U.edrand°'L':;t:-r^r;l"^r°' " 
only to Ma. These resultr^.^ T^' ™* 

-ctures o. the ^JT^ 
cc^ounds. neither lectin reacted ^thtL^Uitd^^T, 
Periodate treatment (ref 5ii •'^*™«°"i2ea FnSpi. 

reactivity. ^ of Mn or elii«inated lectin 

The CSH-50 strain (lambda'. P'araA/'J^^ 

35). Th?^/Li :t«r^^!f Kl2.derived strain (ref. 
were .enerc:s:;Tc:ired^^^r ^^^omirr, 

i7.Tzr2' -em^c,: ^:Hcirrh^d"r 

■ocire Mm gene cluster deleted bv ali«n- . w 

oy allelic exchange (ret. 9) . 

Clinical isolates (cls) «re urinary tr.., • , 
free the Clinical -icrohiologr!^tnr ! " 
Medical c«.t,r or City H^^^Tr " 

^ « CIS used in this ll^ ^^7J^"^\'^'- ™- 
MS agglutinatioT, selected on the basis of 

ciass^tsTtt :;Tt'i:::L'e""" ^ " • 
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Plasmid pPKM, a pjBR322 derivative CQnt«4„4n„ ^»,« 

(ref . 28) . ppxaw i. a Previously 

inl iiriTl «t=P-linker lns«:ted into the 

'S'nl lu tl« fia, gen,, transcriptional effects of the 

0 f"rn:^"ir :»r»t^r"- — at th, 

s iiaax concentrations: aamlclllin /c;n 

y Mg/rnl) and chloraa5)lienlcol (30 ng/al) . 

ia.A^oivn.Pr^P^ rhn1n r 

' copied regions 13 aM TL ' =' 

were ext^eTon t^s eS T'T 

a GC cla,= Pri^r^. restriction sit. and 

3" «H^'Lr:r - 

Of the bottom strand of al .^J "^^^ " 

terminal ,.^0 ^ „ *<"^ « 

Site and a^lil"!!."* "'"^ ^ ^*pl or 

and 3 «r. used for CI ,10 Z p^ p^SeT,"^" ' ^^"^ ' 
«ed for ci and CSH-so and p^'/^^ ^eTusedT 

#s 7 amd 12 to trona^-^ «^ were used for CI 

-ctional c-s^sTSpeTfL" :^r^^j:«««' 
mxture consisted of te^late Dm. prl^ pSL^°° 
5^™* polj™«rase in PCS buffer. 1^1^ L"' f^'' 
Perlcin.Bl^ Cetus antcs^tic t^^JTl^^T/ '° * 
at 96«c for 1 min cycler with denattiration 

tor 1 mm., primer annealing at 550c toy 1 
primer extension at 72-0 for 2 «ir,. 7 ^ and 

All Of the PC prTcLrg^at': :ir^iri:Use 
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gels. Purificati a, restriction and Ugati n of DNA was 
performed using standard procedures (refs. 39, 48). All 
prin^rs f r PCR and f r nucleotide sequencing «ere produced 
by the Molecular Resources Center, dt, Memphis. 

The PCR products from CI#10 froo pPKL4 «re cut with 
re^«ive r»trictiou ^ ligated into the Apall end 

"PI restriction sites of plas»ld p»arci77 We« England 

10 ^IfL^TT' ^ ca^l^e with the 

iO ^22.b„ed PPKL114 to be used la co,„l««„tation e^ri- 

»snts. creating plasmid. pCTl and pSB2, respeetivlyTpig 
!r?"' " i-^n^nient to us. p»ara77.bas J 

Plasmids because of a high frequency of Hl«arance of sponta- 
15 "» *«°»" ^« "train, origin of tJs 

.ng the fi«, genes from pGBl and pQB2. The inserts Ld 
Z IZ containing the tet propter were 

^ fr,f^ PSB2 With «pl and auffll and subcloned into 
the polylinker site of po™-3^ ,pr«ega, «adison, »l) that 
20 had been cut With and H£n=2, creating plasmids pGBll 

>n^ ^.l respectively. pSBM-sz was simply used afa^' 
venxeat iateimedUte in subcloning into paCTCie4. 

The inserts were cut out again using anal and lUaU and 
subcloned into pACYCle4 <Kew England Biolabs, Beverly. «w 

24 cont„ning the fimir genes frcm, CI«10 and pPKL«, resp^,. 
ively. These plasmids complement the non-adhesive defect of 
**E^an»,pPKU14, giving the «^ive ph«„types of 

30 peB2.24 using Apell and ^ makes it possible to easily 
i^ert other fimH genes obtained by ai^lifying chromosoLl 
raa Of other isolates by PCR. All recombinant strains we have 
tested thus far using this technique exhibit the same adhes- 

35 were cloned. 
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1.1.6, ronfrrnirrinn nr n^r^^^n ffrrf qrimi 
Unique restriction aitee •>» 

sane u=« . "t"" U» Prototypical MS pPKM finff 

purified from agaroae gels and ligaced into reatrictlon 
■spaces- generated in tbe bPKL4 tlM, ""«"tion 
<PGB2-24) . Each chi^rr^^'^!! r ""r' 

and the nuclectid. se^^el^T^il.?' "'^'"^^'^ 
■0 mined to enanr. ^^-T^ bridging aegmants were deter- 

and Clones wer!^!t!!^ "^f""" ^'<> "BC191A(pPKU14) 
.or adhesion^" Z '^'."^'"^ 

5 The nucleotide sequences of fioH genes were . . 

'-^tir^t^Tof Lt:"rai 

to the «nuf.ctu»r-s a^ri"" 

«ere deduced «ro» nuL^ "Z" "^""^ 
protein and an^y^" aolt ^T'. ' 

r.s-i-^r " — -'^ -^e'-itT- 

gan r.l^nc^'f:!,'"^ Bu^cloning the fi^ 

™ o. saucing gels and c:i:r:irth^ 

fioH gene sequence (ref. 27). Fuoxisnea 

^. coli were tested for their ability to aggr gate yeast 
cells. Commercial baker's veast <!»^«».» 

"«er s yeast, SaccharoagrKces cerevisiae. 
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was stispended la pbs (5 nw dry wel«h^/™^1 

waoh<»4 4« «»« weight /ml) . s. coli were 

washed in PBS, resuspended to an nn ^* « ^ 

the v«ao^ uepeoaea to an OD530 of 0.4, and mixed with 

the yeast cell suspension in PBS with or without 1% d- 

mannose Aggregation was monitored visually and the titer 

IZ^T' ^ PosLve aggrettion 



10 



15 



20 



Mh««n «s.y. „„ performed as described previously ,ref 
51). Briefly, ..icrotiter Msay well. ^ 
»=eptor^l.c„l„ „ in t«ct and fi^ leg- 

b^rxal suspensions «ere added in o.l* bsa-pbs. »tt«r 
"cubation at 37-0 for indicated ti«s, wells were «a^ 

three times with toc -.jw wasnea 

using rabbitl^i^ ^/"^^ '^""^ ^""-^ 
a ™ »i>tl-«. eoii serum, antibody bindins was 

detected using peroxidass-conjugated g J ^.ti^Sb^ 
Reaction product gener.t«l from the S-aminosalicylic acS' 

r::trtrr^ " » ^ ting 

™nio Par*, ca) . Values reported are corrected »™- 
reaction using BS* coated pUtes as c^i 



1.2: Ho-llill;,; 
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30 



in a pr«;ious publication it was report«l tbat tvp. i 

ti^r T ""^'P«"' diff^flc- 

tionally in tbeir pattern of adhesion to Mn, pn per^t. 

Pl'^tt r r ' "^"""^ i^u"^^ 

to™il are la^ra- 

^«l^!ri " " '^'^'^ Isolates (as) 

pL^f ^ agglutinated yeast cells in a «s fasM^ 

Five of tbe twelve CIs adher«l only to Mn. The adhesive 
of^s cl CI «12 are Shown „ Z^^„ 

Class (Pig. 3A) . Thr«, of the u ci, adhered to Mn and Pn, 
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^LT^! „ MP ela... Ihr« Of tl» t^lve Cla 

aonered to each of the oiiKe*-*^^-^ mw 

CSH-SO ^ CI .10 a^ ^"'"^ actlvitiea of 

Mhealon of attain repreaenting thea. ttoae claaae. to Pn 

oetween the three claeses. The M class ci ^« 
to anv i-K- ^ cAass CI #12 does not adhere 

"any of the Pa f«9«nta (Plg. 4) . n» MP elaaa CI #4 

01 #10 aa»rM, ,ith only alight dlfterencea, to allTfl^ 
to any of ^ ^''JlT^^^'T.Zt ""^^ ^ 

amplified from chromosoinal (or nia«m4^ * » 
♦•i,^ »wm*a. tor piasmid, for pPKI,4) DNA. anri 

the genes were cloned into TaaCYCi77 =t.^ w f and 
nACYCifld „r,^« Pacyci77 and subcloned into 

PACYC184 under control of the fl.lar^a»,a-^ 

^ci,,. a==o^ ,o ...Tuisi^ir;::: 

/A^v » • ^^-^-^ ^"3.2 Strain AAEClQia 

"o cm mcact £im gene cluster but with a t«noi=..- 
stop-linker inaert^ri ..v , translational 

err rrr- °' px-^rhT • 

bouring cloned fijaH genes were transfomed lnt« ,7 

CO pn.pi ,pi^. asrLrr^'-^^'^-:-- - - 

a-^ealv. pn«. t«pea ^ , the r::"a1:ta^,t 
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^ T 

S«» »re caon«i from each of the oti»r 8 CIS a»d similar 
«~^ts were obtained with the .dh..i» of recombinant 
strains mimicking that exhibited by the parental CIs. 

The complete nucleotide s«ri«>ces of «ich of the sl^ repre- 
seotative genes «re determined and the aminotciT 
3^0^ Of the fimH proteins were deduced as it is shown in 
Table 1 below rt^ch is a representation of amino acid 
:l — —tide 



■ra.30) at#10 (SEQ ID TO:31) and cms (SEO n. H0=28)l and 



Of the coli strain s^l^ T 

»li strain CSH-50 ,SEQ ID N0..32). Mditionally tTpL 
^°a::"ho"^'^" " ''^^'^■^ '"'^"es - 

wu.JBi, MJ#ll-2 (SEQ ID N0-39» MT^to •» — . » w 

«^ indicate t.e ac^esin class as .e^inl. 
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*'^*CKTAHGTAXP1GC6SAHVIC 



CX $12 . „ 

cx «4 : : — - I : ^ 

CX #7 H zzz " : : : ' "?L 

cx #10 I : : s 



cx #3 N — I : : : : : : iiiii:::: "S 

r-xa -iiiiizi mr 

W21.3 '""---irizi:::: --'-••-^iimm — !? 

MJf 9«3 « 

imno ::: : : 

jotu-2 z z 5 

»t2-2 -----iiii::: "imzj 

ex #12 - « * -•-:ir ''**^'**^^O^VTLORCM 

cx #4 ZZZx I I I I Ml 

ci#7 *:2 — — : --JI 

cx#xo .fl •© -Z «r 

cnso - * Mr 

cx #3 . Z I Z m 

F-l# * -<g) MiP 

Xa»S4 . * • I Ml 

0221-3 . J Ml 

MJ»»-3 * M 

K7i3l-3 f Ml 

IO#ll-2 ? M 

K7t2-2 AZirizmz -Zzzzzzzz {j 

it ::::^^-:!- -■©--■ 

•10 -----ZZZZZZZZZ'*' I'-'-ZZZZZZZZ*' 

•3 ZZZZZZZZZIZZ" ----Zzzzzzrz" m 



cx #12 
CZ #4 
cx #7 
cx #10 



»-18 e m 

pg4 ZfZZZZZZZ^ZZZ'" ---ZZZZZZZZZ*^ 

MTVftZj ZZZZZZZZZ --ZZZZZZZZ"""* If 

WJl-3 .zzz ZZ Mr 

Mwii-2 fi.ZZZ Z - ZZ M 

io»2.2 © - " i — — : : : S z z z z z z z z z z z z z z - - " - - - - - - -2 



cx #4 ZZZZ " ZZZZ kl 

cx #7 Z • ..Z -K 

cx #10 - . . ^ --- - -^^^^ta^ - •^--•-----jif 

casso -.--ZZZZ LA A "21 Mr 

cx #3 zzz A - : Z MFP 

r-18 ZZ • •© ZZ'" w 

W-54 ^ ML 

«n-.3 fiv Z Z • Z ^ 

M7#»-3 M 

imai^i - Z Z* 

wfii.2 - -. ^Z Z M 

KJ#2-2 Z " Z • M 

. Z * * M 

.u 
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ir continued 



cx #7 :: © : : --liL 

g^no — ---ir : ------rrr:: ? 

TOio III •irrrr mr'* ---irz zjs* 

jSjra ::::: £ 

•wtJi-j , ■ — — . — . fr 

— -<&: :® — - 

U3 ©- "-"••z::: — - :j| 

ci#tt *-^*®*«»fiir*ii».». 

«#4^ — - -::::::::;---?!?frf!??evcvoTM 

cz no ZZZZ -'--ZZIZ^ ---^ZZZZ •"-"•-1112? 

gwo - Z Z Z • Z Z Z ^ Z Z Z • Mr 

F-ie 11 -Zir* rri2 ^ z z z ^ 

»-s4 — I ; " r; r r zsi 

0221-3 r 2 r J" 

mt M r Z 5- 

aoiii.3 : : ^ 

■wtu-2 z : — : :* 

itff2-2 irzir zzzzz ^zzzzz 

9eai ^* — Z Z Z -2 

crii2 . ::: --^^f^^^^SAvsLeLiA^v 

a#7 r -irr ' z z z — - -..rrirf^^^ACM 

cr #10 z z z z — - r 1 1 ■ 2 " --irr • — ' z z z z ~ 

a #3 ZZZZZZZZZ ----ZZZZZ — -----Zzzz — ---":JJ 

: : : 2 -----irz "*-rrrr: -'----rziE 

C221-3 z — r z : ^ 

i»»-3 — : : zzst 

«»3i-3 z 11"" z «r!? 

ium.2 - --Zr z rrSL 

w#2.2 zzzzz -Zirr zzzz f 



«ji2 r::: ^ 

cr #7 icr 

cx #10 -Mr 

CSK80 -MTP 

cx #3 : : : m 

£-18 : : XL 

0-S4 2 -Ml 

W21-3 Jl 

WI9-3 " Ml 

«w3x-3 : : M 

imU-2 II 

KJ#2*2 M 

M 
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^=^=le tide and deduced a»in<, .=id s^c^ of the pPKL4 
L"" """""^ '° "P"^-" previously, «c^^- 
r^rtTT/" " auni- residue „ pre.r;„.^^' 

r^rted, but a proline residue, independent re-a-^UfiL. 
tlTL ^ re.se,uen=ing confi^d tuHe^e^e 

tor the pra^ Se»>«.cing «s also repeat 

*«n 961168 CO confirm sequence fldeiit-v 
were found. naeiity and no errors 

there is „o„ than one ^ino^d ^e^^^^reuoTt 

tage of uni^MriltilTi! " 

uttique restriction sites were taken (Pio 21 t-o 

construct chixneric fiMf genes. Multiple restrlc^i J . 
covering the entlr.«h« ^ restriction fragments 

w^^o \ ^"''^^^^y °f each of the sequenced fioH genes 

PP^ Cloned into ^c.Z'Z Z he'^.nm'"" 

.'^r.erTt"'^' "'"^^ ""'^ ^ ic12« 
t^fo^t *»=l'"IP«a,U4, and 

ierr:rr™ oTL^HoL" rr 

T-^r,« * . regions of each gene capable of conf Pa- 

ring functional activity (Pig. 5). All of thfeequle 

and 119 Of the 279 residue mature fimff sequence. 



J.. 3. Djq>;^iffp;^^^„ 



vari^les ll °' only 

, recombinant strains which are described in 

this Example are the floH genes- all «m,o^ eecrieed m 

f r fimbrial subunit synthe^s t^ ^""^^ necessary 

35 synthesis, transport and assembly are 

the sa« xn each case, since the rati s of the various ^ 
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be clearly i^ l ' ^ 'tiuctural alteration ttot can 
to ^Z'^:-':^^^-^^^ -ortin, 

each Of the othlr^i™ 

- -"-^rcrruT^r^ TJT ^' 

on functionally relevant change. " 

. i^'^LTj s:t vrr- r — 

region of the a^ ^l^T "y a different 

3 w« wj. tae gene which encodes frir* j 

residues iie-iig it t^TI . J ^"^^ °f 

tinctiy differ::; a^L^ :a^ j-r^g":: 

ently si-iilar chang«i in r^~^Z^ T ^ "P^^- 
•ibl.. Of course, ^tls^tiirr " ^ 

tested, these t« varL^^s^i r^oTr'" 
distinct. ^ '° be functionally 

rae Apail-rouill fragment of th. ci #7 fi^ . 
Class activity in the CI»7/PC3l ll ' 
»aparagine"-thrw™(- u ' chimera, since the 

P^agme -threonine'' substitution is within h,. i ^ 
sequence and thus not represented ^ 

histidine". asparagine^'Z^^f """" P""^' t^ 

1-port.nc. «or^^".,„~ P^--^ '-tiooal 
active regions of the Mp" ci If?:.^ 
Pi»H suhunits ^.ggests the ."^ Z " 

glycine" substitution tor W^^T actL^ ''""^^ 
PlmH. Thus, histidine" ar^n! " of the CI #4 

aeleted ^^VO^-^^^L^^^T^ ^ 
the functional activity of Pia« ^ts ofcil^r^Sf 
- and cx «„. respectively, but a more'^'ciri^^;^; ° 
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Of Which residues are involved and how they affect the 
ligand-biading cleft (s) remains to be performed. 

At first glance, the Pinfl laediated, mannose- sensitive pro- 

5 ing Of the adhesive phenotypes described here. However 
protein-binding activity of Pi«H (i.e. PiiB) subunits ^as 
noted earlier in a study characterizing inutT-induced muta- 
tions xn the finm (plis> gene (Htois et al., ref. 22) how- 
ever, the protein-binding activity described by Harris et al 
0 was not nannose-aenali-iifa ti- , 

th. T>rv,. . !: is presently not known whether 

the protein-binding activity described herein is in addition 
to or separate from the mannose-binding activity, but the 
lishTf °' P«^"i- Of lectins Zs been estab- 

^ f^ir • '^^^ type 1 

ITJI I ""^r" '° promiscuously with most Fn 

fragments, the reaction does not appear to be non-specific 
For instance, the MPP class CSH-50 type i fimbriae! not 

ovalbumin is sensitive to both periodate and glycosidase 
^reatment (ref. 51,. Purther work will be retired to deter- 

:^ :ii"s3r ^ ^^^^^^^^ — 

Previous studies suggested that the combining site of the E 
col. PimH adhesin is in the form of an extended pocket^r 
responding to the si.e of a trisaccharide with a! Lsoci^ed 
hydrophobic region (ref. xc, . The MS nature of all of the 
a^esive interactions described suggests that if the combin- 
ing Sites are separate, they may be close to each other 
However, it remains to be determined whether or not the' 
mannose effect is direct or allosteric. Conformational 
Changes that frequently occur in lectins upon binding the 
saccharide ligand (ref. 4S, could affect a second, disttt 

cll^i? "tT: ^'^^-^'-^^^ -nations may be sufficient to 
Clarify which structural changes result in changes in 
receptor specificity. However, such studies are unlikely to 
sh d nnzch light on how the structural changes actually r late 
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to the llgand-blallng cleft (s) and tt will ultimtely b. 

P^"ZJ:.'^'"^ ^-'•i-eoeional struct^ ^ 
Fi^ fragments crytalU^ea In the preeene. of Ujand to 
fully nnder.t«,a ntrueture/function relationships 

5 The three adhesive classes of type i f identified 

my understate the functional heterogeneity of t™ , 
f-^i.. The group of CIS that has heen tLted L thL 
!»»ple is small and only a f«, snhstances have been tested 

0 a1.!LT::Sti"LT°"- * ^« ^ - isolat^t te^'' 
^^dllTif candidates might yield additional 

functional classes. Preliminary studies with m anterobacter 

=1^' r ^hibittn. 

"="'"5' ~SSest that het.rog«»o!s 

t«n or adhesion are structurally related to FlmH. ^ TiT 
sequence alterations that eliminate sensltlvl-JT 

^ possibility that the MS i.cti:r.rp:::^^: rz- 

1« i : ^"^"^^ formation) has been shom prsviouslv 

tests JrTJ J ■ "inimum, it is believed that 

tl!^ r ^ '»»^'^"«n »6ould include additional tZc- 
tional characterization. Hhila all tvne i <^ lunc 

-ve been described TJe ^:T^"^ 
gannose-aensln^ it ig ^ «>ie u 

as has co»only ^1L^ T " "~ 
tvne 1 »(n,k,<. thought. Further studies of 

type 1 fimbriae as a virulence factor must be able t= m..- 
9ulsh among the various functional classes. 

Allelic variation of the so-called S «Jhesin» of P fimhrl=^^ 
uropathogenic coli also results in diffe^t fLLw 
c^«ses but the requirement for the Calal.<iaal s:::le 
withxn is receptors is maintained ,rets. S2, S3). Jhese 
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^fferences in G ^Bin rec.pt r ipaelflelty « be 

^ther subtle, .t leMt «.I«rflclally, «,en oo.^ t the 

swT°" ""^ ' BP.=«i=iti.s. Yet tbere le 

eignltlcantly greater .e,uence homology «nong the tlMI genes 

fi?!l!! 1° part to host-speoi- 

Se Slycollpid isoreoeptor variants. KhetL . 

the PiMB fanily o£ adhesins beu;, a similar relationship to 
> host ^ceptibility or tissue troplsm remains to be detL 

S:^; liT " '•^ " "^'^ 

family could ,:d^bit additional receptor specificities not 
Ht^ir , l."in.lnd.p««ient 

the G adhesin, but on t« other minor aubunits, E and P, 
neither of .hich bear significant homology to PlmH ,r.f;. 56. 

h.'te'L'Z!!!""," "•^^ ^-ctlonal 

^^eneity of type l fimbriae described In the pres«.t 

^1. «s not appreciated wh«. any of the studi J cited 

above «re performed. ^ results of these studies have ^ 

iitSrr. ' """"^ '-^tional heterogeneity occurs 
within the class Of adhesive ois«»lles commonly referreTn 
ae MS or type 1 fimbriae and that the adhesive L^i^wlu 
le^ to a broader spectrum of receptive surfaces f^^teT 

ofld^eT'"',*"- ^ "^'"^ - PlmH f^ly 

™, ^ f " be an important step toward 
unravelling the role<s) type 1 fimbria, nay play in the 

Z^ lJ" r"""^"''"' '° '"^ -"bitat or 

^in^entry into deeper tissue,. *.r, devastating effects can 
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EZAMPIiB 2 



BPecieg 



10 



The operon of B. coU canpris.. a cluster of genee 
covering about 8 to of Thl. operon tos been isolated and 
clon^ plae^a. in its entirety. ^ pro.„„, 

gene is located witbin an Avertible sequence. 

^tl^ f",""' ' "^'^^ "'"^'^^ °« «i'-tion 

for flBbrial synthesis, in one ori«,tation of the invertible 

^ " tbe fi„ genes. 

iTdi~L f*^''"'^' ^ orientation the pr-oter 
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Since the regulation of the switch of the invertible promoter 
«^«ce is very c«^ex ana Involve, sevexal gene. Zt^ 
the f^ operon it i, far free, certain that the avltchlng 
take, place in other bacteria than the enteric it «. 
therefore coneldered neceeaary to Insert a replace^t promo- 
TL JL r*""*" °* ^ sene,, ««, „ . .«xiel for 
e:.pre.sion in a n„.*er of different bacterial species 

Tact^'T" ^ ^ 

be active and regulatable In many bacterial species. 

the entire fis, operon In pBIU22. in rtich the promoteThas 

located in the promoter sequence. There is a second iglii 

site in Placid pPKL63 upstr«m of the fl, operon 

Plasm^. pvi.„3 ,Pig. „ la a kana^cln resistnt dlr^^atl™ 

sene and the tae promoter placed upstream of a multiple 

S^'"' " ^ ^" Placed. The two 

^asmlds were ligated together after digestion of pHCLea with 
^III and PVIT33 With Barm, in one rieatation (pLui4) 
thl. fusion pla-ld Will e=,«3a fi^^a, ^ ^ presence of 
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'^'"^ genes a»d 

rlT"" °' 

, ^="on Of £i.a,rtae 

analysis is „J ^ " 

uu&^own or IPTGr- induced cu1^t1T*A • 

a<Med a a«la v,l;«»TMlToTLtL^ ! " 
f■lmh^^«- antibodies raised against 

readings from this type of assay are presented «r,H 
s^^Utaeively ^ occurrence of .JZZZ'^J^ 
ceu^as a rasult of XP,. induction of ^ pj,!, cL^, 
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AABCl9l(pSM1314) 0.145/0.164 
AAECl9l(pSMl314)*lPTC 1.026/1,260 

0.113/0.095 

Pe«o^ in ■^r.^^-:^':-T.''^\Zt^ 
<B- coli carrying pSMl314), a helper strain 
a Plas^ia Wit. c«.J„^tion g«.es,'Ia""1J;„,"^^^^^' 
carryin, a selectable «rtar not present i:troft:1«o 
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5 col Jee "^""^ " 9r» and f om 

strain Aso Bal' ""^P*""' aitembacter cJoacae 

. PX«ea wi.. ^=in"Srri.^Tar^^'"^^!r'' °° 
Clone. gro«n in li^a a..»Il^r^' 

ence of fimbriae in m,. .t , ™»y«J for tlie pres- 

..^^ation .^yZTj^Z'/"^-^ ^ 
"as not Obtained, moat likel^^^^ 

-«y be ayntbesized and procIaseTcoL.^ ' ''^^^ 

on tbe aurfacea of b.«^ correctly for pin foination 

epectea. '«"=«ologoua gran-negative bacterial 

The plaamld pSMl3i4 in B cell imin-t „ ^ 

January ^, tbeCaTd'r:::!:^:: 
B»».cb„i. ^^;^-:^t:^i^z^- r^- 



EXAMPLE 3 



30 



hepatitxs B Viral surface antigen and a neutralizing epitope 
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a«lea out by «troducelon £ reetrletlon Bite handles 

«T ^ '^'^'J'^ ™» '^'^ «codlng tie foreign epito- 
pee in the .elected poeltiona «.ch Insertions did n« sf, 
nifxeantly alter the adhesive function of the PiJ ZtlZ 
eznce hosts producing l^rid fi-briae that cont^e^^e 

.0 normally fitted. Tl« heterologous insert o£^ ITis 
a-^ acids, respectively, residing in the^i p^H 

Z IZ T" -era on the ^Te of 

the fintorlae on bacterial aunace of 

POSsihUity Of u^^e^Hl J!:*,""^" 
3 Of foreign antig«„'.::%^its " 

3. 1. 3 , T^f^rrer i flT ffrrsin >n-iiriniii i 

The Escherichia coli K12 strain HBioi was used 4„ ^k- 

8) . cells «ere grom on solid Mdiun or in liould h^^v, 
s^l^ted With appropriate antibiotics. Hh,^ r^^V 

the fi^ gene in placid pLPMj and its derivative, ^ 
induced by the addition of IPW (i.^^^ thiogI^;tr 
Pyranoside) to the growth iredium. mosalacto- 

3.1 -J eia,mi<rtB 

Plasmids PPKL4 (conprialng the entire, functional fim aene 

ziz^Tr::^;. '™ - - -rharber 
^rwit'air ^i^srrjti? Th- ^ 

»*.op iinjcer insertion in the finiH gene 
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(i-e. this plasmid eaqpresses all the nroi-o<«= 
the production of fi^riae exc pt^e^^! TT^"^ • 
constructed in two steps: ""^^^ 

(i) plasmld pPKli4 trefe 9-7 -^oi 

reco^izes a'uni J^f^L^i'^si^ ^ 
staggered end of the lineariz^ oi^L^ 
ligated With the synthetrTni! "^''^ 
containing stpp cLC i^aTl^^l "^.T""^ ^ "^"'^ 

in Plasmid pPKLii*. ^ ''^^ ^'^^^ resulting 



10 5.. 



3 ' -CAGCTCAAmATTAATTCAGCTG 



25 



30 



5 Plannia paCYCia* r.-,,!,! T ^ sites o£ 

resulting ia plasnia ppmis. 

Plasmid pansj (geroroMly provided bv a m„h 
Of Microbiology, Tactalcal L^^LIty^^rrT : '"^'^^ 
Lyngby) cont<ilnlng the pr-sTI^rf "l"*"""*' 
■.apatlti, B viral gen«^%L ^ 

' by subclonlng a iC^TJlT ^"^^ 

acoKj. loai fragment into pBR322. 

Plasmid PLPA22 was constructed hv ... 
«ul frag^n, -talnlng^tLll^ ^^a^^' : 
plasmld PDCI8. ih. iMort «. ^.IT 1 ^" 
«pressloa o^,^,, ^ZtZt^ T""^ ^ ^ ' 
ing on tbe vector part o. tb. pUa^Id^lg" fT!" T"" 
^ ecu HBXOl cell. Of functional Fi«. pL ^^i'^"'!'" 
by co»pl«„ntlng pLP„j witTo^ir^ T 

MS adbealon upon induction .1^1^ 

Plasmlda pLPMS and pLPjuo were k. < 

asiTOitric S»lll.iinLrr by Inserting s-mer 

"spectlvelyf " 1^"" "» Bsa*! and H^ndi ei,.,. 

<U«erent P eltioTln'^^^^^": STL"""'- 

pi.FA22 fijBff gene a BgrJii site was 
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T^IT^ "^^"^^ =^^5 resulting in 

(Fig. 10) . IMS was don either by inserting a ^glll linker 
into an appropriately treated restriction en^ site, or by 
Changing 1-3 basepairs using PCR and thereby creating a B^Iii 



10 



15 



25 



pla«ia p„„, ^ ^ ^^^^ ^ 

blunt u,„3 Klen» pol^e and lig.ting ™ing „ e 
Sglll linker (SBQ ID NO: 8): 



5'-CaGATCro-3' 
3'- GICTaGA P-«;» 



1 M r " using ata^lard PCR ««i 

Plaemxd pL,»9s «. con.truc«d by opening the fire gene. 

T " ™* Pol5-««e and ligating 

with the below 10 mer Bgliz linker (SSQ ID N0:9) . 



5' -GAAGATCTTC-3' 



30 



ILT, ^ """"" s'^^' ««ed 

protein that wae integrated into type 1 flabriarand at the 
B.«e ti« exhibited ^e.e«„itive adhesion. 0£ these 
three stated Pisa proteins, the t«o that conferred to E. 
coll ceils the strongest mannose-sensitive adhesion «ere 

t» piasmids were investigated further for their ability to 
contain large mtations and still be biological active. 

Plae»id PLPM9 has a 9 bp long syiraetrical *glli linker 

£T«'%f v° " -"""^ °' the step codon 

the sa.» 9 bp 

the stop c don of the finoi gene. 
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plaB«ids pLPi^, ^ ^^^^^ ^ constructed by 

svnt^tL polymerase chain reaction (PCR) using the 

A fragment of piasndd pLPA38 conprising the inserted 
heterologous sequence encoding the pre.S2 r««Z^r. . 
B surface antl«,o« 4- v a «ie pre-S2 regxon of hepatitis 

heteroi™ Bho«i in the below table wherein the 

heterologous sequence is underlined ^-"^ «ie 

correspond to the nn«^^^ JTT ^ indicated 

^ CO the positions of the amino acid reaiHnoo 
nature PimH protein. residues in the 



CCC AOA GTG AGA GGC CTQ TAT TTC err nr^ - 

^ AroVal Arg Gly Su Tw pE iT "^"^ TCA 

• ^ " Tyr Ptie »^ Ala Gly Gly Ser Ser Ser 



" 226 



'^e^T^ ' ^""^^ then ««ie by 

"Bering the below si bp synthetic double stranded dna 

segment encoding amino acids so / • . 

the B subunirof t^L«i f (cempnsing an epitope) of 

pi^A30 and PLPA29, respectively (SEQ id HOslO) • 
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5'-<aTCTSlTGaAGlTCCGGGTaSTCA^ .3. 



TRTCaGTCTTTTTTOSACCraG- 5 ' 



A f iBsmeat of plamia pip»93 conpristag the heterologous 
ee,««ee encoding the above Dm ,.g«„t of the B suhunit of 
the eholer. t«cln is eho«. in the below teble herein the 
hete«logo»s sequence is underlined «d the m»ber. indicated 
^sp«d to the positions of the sMno ecid residues in the 
nature PlmH protein. 



Si" 2& r "SJ »^ T "^S *™ «" 

224 fier GJn His Ue A»p Ser 



CAG AAA AAA GCT GGA TCT TCG ACQ 
Gin Lys Lys Ala Gly Ser 8er Thr 



226 



10 



15 



20 



3.^1.3. DWft t;ftn^|^.|^ ,p ^ 



Isolation of plasmid Dioi waa m-t—^^j 

n«»*.»,«^ * . carried out according to the 

»thod Of Blmbol- and Doly ,ref. 73,. SestrictiJ endon!- 

tl^^snTLT'"™ " "anufacturer-s specific 

tlons (Biolabs) . nm sequencing .as carried out by the dl- 
aeaxi chain temination technique (ref <9> ,,.4™ 
version ..o hit fr. »b. 0..Z1Z:^ ^^'^^ 



3.1.4, prp ml»^h^^^^J^^. 



Polymerase chain reactions (PCR) we» r>oT^«^ 

^ were perxoxmed on a Perkln 

^r c«us cycler «o. Reactions «re set u^s 

dra^o.2.1.0 ^ Of each Of the t«o primers, 2 »M Itoci, lo 
«. Trls-HCl ,pH ..3,, 50 m Kd. 2.S unit, of ^^-^-J^ 



10 
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P lymeraae and o i-n o ^ ^ 

at 94 •c. 

were used. ^-«»w»caGGGT 3' (SBQ id IK):12) 

3.1.5. HM.p ,|r y 1 ,^|..|^ .^ ^ .j ^ ^^^ 

t 

Pig erythrocytes on gl Js^uLr^r ^^'"'^^^^ 

grown to an optical I^L; 0. 3 o^^^^^^^ ""'^^^ 
•nixed, and the time until ^ , ^1° ^ 5% erythrocytes were 
measured. ^ agglutination occurred was 



20 



25 



30 



monoclonal antihor?^ oescribed (ref . 74) . a 

raised against cholera tc«l, «Tr 

""^ tor «H0 No Jrir^f L <l=tenational stan- 

-te. Cop«^"^.1e^/r'^: 1!"" 

*»«in Of Heoa^.T '^'^ "» P»-S2 

or Hepatitis B surface antioen ir^r 

provided by te. Makoto Mayu»i "icTJj? , 
Fluorescein (PXTC, conJugC a^Ji^a^"t.tT"^- 
-i .oat sera Ct. tLi:::"- " 

a^l^L^ore..^^ , 

" /u were placed on a p ly-L-lysine 
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coated slid and air dr±»rt ^4^4. 

mo^o^ • ^ °° °^ sanple and left In a 

"-bit £uL wltT^L r' '"""^ '^'^^ " 

8ia,s6a„.„M r sofMw (Photomatrics) and 

Electron microscopy and Immuno- electron 
. carried out essentia,! i« electron microscopy was 

brief, a 2s ll Ti^^oT^""''''?'^ ' ^ 

a -.on-coat^" foT ^3^^^^^ - P-ed on 

Of 30O. P^r i^otlet^l^"^ ^^^^ 

directed aga W Le pre'^ TsJr"'' ' 

the primary anti.o^ L Z^TZ^J^^' ^^"^^^ - 

with 10 nm gold v>aZ±T./Tt\ ^ conjugated 

««i goxa particles (Dako) was used in dilution , oa 
the secondary antibody. cuiution 1:20 as 



3.2. Wapiti t;r 



AS described above, two positions in the C t.^, , 
30 the PifflH protein were engineerertr^ol f''^"^ 

sequences ndmicing f or^«^^M . ^heterologous 
^ ™*cing roreign antigenic determinants m ^h<» 
present study, d uble plasmid systems w^rT^ 

«uuiu.a systems were used, in each 
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plaemid pair on encoded either a ^ 

version £ th. ti^ gene ^!L! °r an engineered 

auxUiary factions JTLT^J^ ""^ ^^'^^ 
t_„. 1 ™ " two-conponent Plm-speciflc 

cZ^ '^""'y Senes and other structLl 

=o.*«.ene. Of the £i.*riaa organelle e«ept T^e 3, . 

Bn^lnrprinT n m , m .„ ^^^ ^ 

«uXrae^°x"::^tiT - 

"Pti^l pcition. tor i^Sll^n!'"? ^^'^'y 
the C-tei»inal domia oT^ « . heterologou. eeguences in 

-eae =or„.pond'r:o::tit,'^ zT> rL""!"" 

in Placid PLPM2. S,^>s.^.ntly ""^'^^ 

iB-£ra«e into position. Ms aS Introduced 

carried out by site dl^Jf - respectively. This was 

ollganers ^ti!^ , '^^'^ synthetic 

20 ively (Fig.T,:^ ^ 

respect - 



25 



30 



^ c?a":^°1odTL?\' r~^'^ ^ a codon Change tro„ a 

addition Of codLs^of L «^ 
tion «e in r^e",^ 'T^ ^rg-ser-siy after posi- 

the entire n^fiTf^lr^^^f '"^""^ « 

confirm that n^it^r=^s^''::::::rr ^ 

«hich in addition to plas^'^^.^^ H^^' 

Plas^d pPKLlls sho«r^d t^"^^ 

teristics with reoara T^. Phenotypie eharac- 

by such crS^if^ ti»briation as Judged 

=y such criteria as henaggiutination (isble 3) and 

fluorescence microscopy. Ijmiuno- 
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* ctoxacteriz*. region 

^L^.. """"^ l^nunologically i^ortant (and 

protective) antig«>io 4eter»in,nte (re£. 7e) . m addition 
this region is dlsulpbide bond-lndependent «.d appare^tl^' 
::irr'r= t^e «Jor s protem. The iole^ Ln 

nH^ " antibodies that bind to and 

neutralize cholera toxin (re£. 77) . 

' ac^ ITT^ °' ""'l^""" «=odl«g 52 of the 5S a.^ 
acide o£ the pre-S2 region ^lit^^ ^ ^ technology 

the a.,,Ufied .equ«.ce with flan)cing Sglii aitee. Following 
reatrxction with Sglii .nd pirification the amplified £rag 
was inaerted into the Bglll aitea o£ plaamida pLPMo and 

(FxgS). subse^ent aequence analyai. c«.£ir«d that the 
"aerta were correctly oriented and that th. reading £r»»e of 
the chonaric £i«.pr..s2 g«»a .a. correct. 

A aynthetlc I»a ..g„ent encoding th. cholera epitope waa »ade 
«re"r^ "-"^-ntary SI bp cligonuclLiHa^r 

7^r\Z'Z SaHit^'™^ ^ 

a an xncemal Clal site. The epitope -encodino aeoment 

meerc. THis feature was used to 
identify piaamids with correct orientation of the inaert The 
presence of the Clal site waa uaed for initial acreen^",? 
Clones c ntaialng the insert. Sequence analyai. of plaa^f 
PI*M3 and PLPA95. both harbouring the epitope-enc^iT^ 
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segneat confined th orientation and conaervation f the 
reading f rane in th chimeric fia^.ch lera genes (Pig 8) . 

ft^t;firp;oqm,q pp^ences r?if prp.9'> do„»^„ »^ Hop .....^ . 

TO evaluate whether the heterologous inserts in fi^ were 
compatible With protein egression the T7 polymerase/promoter 
ZlTJ rT^" ^^on (ref . 78) was used. Su^cloning 
into the PGEM3 vector system and subsequent assaying revealel 

2is"ZTz:'zi'': ^^^^^^ ^'^^^ ^'«^-^<^^ an 

cases from the chimeric fimH genes. More importantly, to 
assess whether the PimH proteins harbouring foreign L^erts 
were accepted by the type l fi^.ial transport sys^e^^ 
additxonally, whether they were present on the bacterid 
surface in a biologically functional form, the adhesio^ 

nrZr °' e:.pressing the chimeric PimH 

proteins was studied, 

Bacteri^ tests rtiich in addition to plaanid pLPMS (pre.S2 

Of ™li ^T ^**!' agglutination 
bL?^;f' erythrocytas indicating the prea«.» of a 

(Table 3) . The combination of plaanida pLPM7 (pre-S2 in 
poa«.on 258 in Fi«H, end pPKUis resulted in wLer ^t 
detec^le. hemagglutination (Table 3,. Furth.»o„ 'en^ 
cells were also sho«n by electron microscopy to have eesen- 
tlally normal flmbriation (Pig. xo) . 
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Plaemid relevant genotype 



insert 
position 



PPKL4 (B) 
pPKLllS (A) 

10 PLPA22 (U) 
PLPA29 (U) 
PLPA30 (U) 
PLPA37 (0) 
PLPA38 (U) 

15 PLPA93 (U) 
PLPA95 (D) 

PLPA22 (U) 
+PPKL115 (A) 



all fim genes 
fimH 

fiinlf-Bglii 
fiaiH-Bglii 
fijaH-pre-S2 
fijnEr-pre-S2 
fiaff- cholera 
^fi2nff- cholera 

tioH 



258 
225 
258 
225 
225 
258 



20 



25 



30 



PLPA29 
+PPKL115 

PLPA30 
+PPKL115 

PLPA37 
+PPKL115 

PLPA38 
+PPKL115 

PLPA93 
+PPKL115 

PLPA95 
+PPICL11S 



fiinH-Bglll 
fiOH 

fimff-Bglll 
finiH 

£iiDi7-pre-S2 

fljnH-pre-S2 
fixm 

fimH- cholera 
finiH 

fijnff- cholera 
finSH 



henagglu- 
tination* 

IS 
>600 
>600 
>600 
>600 
>600 
>600 
>600 
>600 

10 



8 
210 
100 
11 
16 



measurements are given. * 
35 In the cases where a sequence mimicing a ch ler« o«^. . 
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and PLPA9S (insert in position 258) , respectively, an agglu- 
tination phenotype also resulted ^ ither Of these plas- 
mds were compleinented by plasmid pPKLllS (fiaH) {Table 3) 
Again, this suggested that in spite of the presence of 
f^^'^^r^'^^ <^ric Pinffl protein 

still able to reach the bacterial surface and maintain its 
adhesive function, m addition to the adherence phenotypes of 
the various clones the presence of engineered PiaH adhesins 
10 in T '"^^"^ °' monitored by CCD microscopy 

sili^ ,K . ^ all cases, significant 

Signals albeit of varying intensity, were detected when 
compared to a negative control strain that harboured the 
auxiliary plasmid, pPKHis, alone. 

" ^^LLIn^ri l J''" ^ ( i prprrin. of rti r prp-p? n^nr of 
^^^^^ ^ choi.^ .^ 1 . ^ 

Since there was good evidence that the chimeric PimH proteins 

20 ^'nr °" ^- ^«ts the Luitr 

20 Of specific antisera, raised against the pre-S2 part of 
hepatxtis B surface antigen or the cholera toxin B chain 
respe^ively to recognize the chimeric Pi^-pre-S2 and plmH- 

ZllZ^ ^'^^^'^ °" ^'^^^ recombinant 

25 coL H immunofluorescence microscopy e. 

^tion to Plasmid pPKLllS were shown to react specifically 
With antxsera directed against the inserted hete^logous 
sequence, whereas hosts expressing wild-type PimH did not. 
Sxmxlar results were obtained with the cholera toxin insert 
10 m the same positions (plasmids pLPA93/pPKLli5 and 

PLPA95/PPKL115) . Again, the heterologous inserts in the 
Chimeric PimH proteins were recognized by insert -specific 
serum on the bacterial surface, whereas the relevant control 
did not react. "^--^wx 
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These findings deinoastrate that the for«i«, 

exposed on ^ roreign epitopes are 

miaics the natural * ^^^^^ly, in a confonnatioa which 
cae natural confonnatioa of the 
5 appears ia the aative henatlt:i« » epitope (s) as it 

native cholera to^ ^ " ' "^^^^ - 

The restats obtaiaed by iinnaiaofluoreae«,r,» 

corroborated by innaao-electron "^«°««Py «ere 

pre-s2 specif jr:rro:Lt:crs^ 

• gold-labelled secoadary^i!!™^/'™ 

anouat of gold oartlnio- «tiserum. a sigaificaat 

Mlcroorsani«,„ and ^1^, ,' Collectlan of 

«15, DS« 6916. DS« 8917, ^ «,T ™ 

6921 and DSB 8923, respettl^ ' ' °™ °^ 



BXAMPLE 4 

B AfidAnq Of the MTO 



30 



14 synthetic peptides ^ 

peptide syntl^^z« ao^^.^ ''^"^ =n an «i .nto.«tad 

^t.a.ia t t.«^";JT ri'*"'^ »vnt...i..i. ^. 

rapepcide. J. to. a»m. Soe. 85:2149). 
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bliiding Of the S. coll strain nsa c:n ^« *u 

»«-cain CSH-SO to thes peptides were 
tested essentially as described in B«mm« , iJ 

at: ^^^^^ ^--rt^t^^L^cSss^tts ' 

^l^l^Z ^""''^^^ ^^-^ - ^ the 

P:pt^:s^T^^^^ - - synthetic 

to Which the tested strain^;ed';^;.^rrf . 
peptides to Which the binding was wea. or Le^.. " °' 

^° qroim rrnnnrn 

^^l-' EAQQMVQPQSPVavSQSKPGCYDNGKHyQI (SEQ ID NO-IS) 

«^ " 32) . AIONIRLRHENKDL (SEQ ID N0:15) 
15 ' RVPPRGTVENPC (SEQ ID N0:16) 

15 aM12(l.i2): DHSDLVMKQRLC (SEQ ID NO-IT) 

^2 (7 18) : ABKQRLEDi^KC (SEQ ID N0:*i8) 

8M5 (175-184): TVKDKIAKEQC (SEQ ID NO-IS) 

BM5 (28-54) : KTKNEGLOENEGIJaBNEGL^^ (Seq n, ^0:20) 

14 2S . mU)KBLBllBD (SBQ m JI0:23) 
»*K(22-31): DVBHSMLfflUI (SEQ ID iro-24) 



EXAMPLE 5 

a^ahPBin of f»^>.^T. ^ .^^^^^ ^ | ^^^^^ 

The following clinical isolates ot s f^n 

54, U221-3, MJ#9.3, MT#31.3. MJ#ll-2, MT#2-2. 
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^^TZ,"'."^ «P.ri-3nts ar, mu.trat«. in Pig. 5. 
m enpialaed above, the loalace v ^ ^ j. 

adheeion, and the 18^^.^^, ^"'^ the t^e of 

Bhowlng a ^anno^-^eL^Lrt™ T"""^ ' " '^'^ 
5 this strain «, L^' ill!' 'TTJ' acoordlnsly. 
The ..rr "*'""^«'' »• a M« class adhesin. 

Fig. 5 and their nucleotide sequences in M,le 5 below. 

s'^ectL1r» "^"'"'^ "» sane, of 

WO:50), CI#4 (SEQ ID N0*44) nr^f /o*^ ^ ^ m ^ 

by KleJ-et i'.'^L - "^'^^^ -"-losed 

PC3ia anrt ,->, ""^^ Sequence designated 

- i^iuiriit r:re"j: sZ"'*^ ""-""^ ■ 

clinical iZ^ r sequences of the following 

w 4^ Kr#9-3 (SEQ ID NO*4g) lAT^-a-i o /««^ 

NO«47l iutT4*i-i ^ * «w , MJ#31-3 (SBO ID 
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1094 



-18 
HJll 

cz 

1CJ22 
IIJ9-3 
MJ31 
CX 10 

Ksab 
cz 

CX 7 
KS54 
0221-3 
CZ 12 



1148 

iini.2 n; ~ ~ ~ m ~ ~~~!3^ff!^®^®» 



PCSla 

r«i8 



—A 



—I 
— T 



1202 

MJ22 — — HI m ~ — — - — T -c HI HI HI m 
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T^le 5, continued 



1256 

CZ 10 

M31b 
CZ 3 
CI 7 
KS54 
0221*3 
CI 12 



*>1 i< 

ATT ACA GaC TAT GTC ACA em ril rvr^ ^ 



1312 

PC31a 

F-l« 

Mni-2 — , ~ zz m — ' 



1366 



*C31» AftT TTT TCC GGC ACe f»» - 

p. 18 H;-~~r?!f!^'**»A«»60CACTA«:TATCCATTTC»^. 

Kjii-2 -G* murm — ^ ~^iHcff!^^*^ 

^~~ifi~zir A- — ~ ~ m Hi Zr — 1~ 

KI9-3 ~IIIIZ'* »--C~IlJlII 
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1420 



~ G !^fr ®^**®**®«»CCGGTe 



C14 

. US ~ ~ 

cxio — « ~ 

»C3lb " 

ct3 n^z: ~ 



CI 7 
KSS4 
0221-3 
CZ 12 



-T 6 



1474 

raia 

P-18 
Mni-2 
CZ 4 

KJ22 

— — — — — imiiziz:'^*-^ 



«5 Cn «T "C«»CCTGJCacCMICCe«r«^ 
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'^ie S, continued 



!!!!!! MTMTncGtti^, 



CI ^ 

r-18 

«ll-2 . ^ ^ 



ia6 c — ^ 

— T-^i^z:::: ^^^^^"^^^anosr 



WSOb — — ~ ^ ~" — — - — — , HI ^ > — Zcl 

1690 * ^ 



C2 4 
IU22 
HJ9-3 



TC&GIGCCAATTCCTCTTJ^^ 

^—^^^^^^^^i^a^AX^r^ 

G , ^ ' , ^ CAA AAC CTG GGG TAT 
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T^le 5, contlaued 



1744 



F-xe 

Mni.2 A , 

C14 T 

ICJ22 X ^ , ^ ~" ^ 

»»-3 ^ 

MJ31.3 . " — 

CI 10 - ^ 

wsib 211 * 

CZ3 

CI7 . . 

KS54 

0221-3 — — ^ 

CI 12 ~ 

1798 

PC3U 
r-18 
MJ11*2 



*0C TTT tea CCT OCX car a»* 0^ . ~* 



Z: ~ ~ ~ ~ — ~ ^ ^ ^ ^ GTG AGT 



1852 

F-18 

KJll-2 
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1906 



~ ^^ff!^^«»«»GGWACrcakGGGMT 



P-X8 

liJll*2 

HJZ2 — ■ in HI ~ HI ~ 

11731-3 — « — III HI HI ^ HI 

ci^io T — ~~HIHfHI"^ — " — 

1960 
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EXAMPLE 6 

RuTAglfflPnr ff o lPCtiop Of nrrnim ha ving ..^^ 

arise is by random, naturally oceurrinn 
nesis. in nature a -i^^^^* * * "^aj-xy occurring mutage- 

strains th!^ ! ^ °^ '^^'^ ^"'ich for 

procedure ^eTto^eltt'i::?.^^^ ^ ^ 
10 altered adhesive ca^ci^ 1 a t^eT^ ^"^'^ 

casein was selected ^ ' substratum bovine 

«rcasein is the glycosylated isof orm of bovine casein con 
siats Of a single polypeptide chain coatJ^l 
residues the seoueneo containing 169 amino acid 

15 Bovine ,-ca^eIn^!!r I determined (ref. 68). 

time ^tt^^Z^T^^°^ «<• ISO vary a« a of 
casein. Only di- t=T^ Present in tl» bovine 

.=ld ^ve been .t::L«V :eT^T°^r''' 
~=c^^ cc^slelons w^^no b. Se°^nr. ^^^^ 
receptor £or the classic type " t^^ " -«ve as a 

touna in B. cou strain Pen. " " 

Mheslon tests .ere perfox^d to verify the inability o£ 
recojibinaat strains carrying the £in» ».n. . '^^"'1' °* 
strain PC31 to «ttere t7taLh7^ ^ 
0 strain used KBl^ L '-casein. The B. ooai 

"icrotiter piat s ^t^L^arrj" ''^"'^ 

»odiu« bicarbonate ^1 «1o! ,f f """"" ""^ " 
Ki *^ ^° minutes, followed hv 

bl cHlng any re^ini., ^ snhs:Zt'ln. 
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20 



25 
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cubati^ with 0.1% bovine eennn all»Min ,bsa) In PBS. a 
9V«ttt.tlve a^teeln Many perfor»<, „ ascribed in »ore 
d«all elaewhere ,ref. ,i, . Briefly, bacteria .are diluted to 

5 !^Tr =""="'^'='"<»« « =c »lla/100Ml) in PBS 

obtaining 0.1% BS», add*, to coated adcrotlter wells for 30 
at 37.C. After waging tbe wella tborougbly to rJL 
bacteria, BHI brotb waa added and tb, bacteria ..re 

until the optical density could be Bea»ur«l (2-2.5 hoZ) 
t2" ,T " Oensitles obtain^ the 

fro- the Plating of icno» nut^rs of bacteria under sZllar 
conditions, allowing e«rapolation to absolute nul^^J 

bound bacteria (ref . 70) . ««iDers o£ 

^1001 .train co.^ri.lng the fi^ gene frc PC31 bound to 
i-obxlized m«»aa m .lgnlflc«.t numbers, but there waT^ 
substantially no »ea«r.ble adhesion to i-oblll.r,^ein 

Stikct Itf^ 'J""'""' °* «» 'o 

"teract wth .-casein l-bbilized on ..icrotlter «lls After 

thorough washing to r.^ non-adhering bacterial cells, 

llht " ^ ov;r. 

night in BHI broth. n».e -enriched, bacterial cultures were 
again allowed to interact with i»obilUed .-casemn^e 
Plates were washed and adhering cells collected in ;u«!ent 
broth. This enrlchaeat cycle was r^ted „, to ten 
Bacterial cells obtained fr« the last of tLe TciTT-en 
rich«i. strain., «p„red to .-casein in signlflc^tlrii- 

s"^n .rf'" '^'^ " ParenfT-non :i^l^«.., 
strain (Table 6.1,. individual colonies of .enriched. ^^001 
were isolated and four tested for ability to adh^to" 
casein Three enriched cultures (clones, bound tH-^Isein 
significantly better than did the non-enriched parLt^:::in 
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^QJi strain miqm^ 



5 Strain 



bacteria binding to 
«- casein*' 



Non.enriched KBlOOl o.043 + 0.018 

(pPiCLllS + PLPA22) 



Enriched KBlOOl 
10 (pPKLllS + PLPA22) 



0.249 ± 0.004 



S.D. with baekgrouad O.D. wibBtracted. B . 3. 

TO detennine Aether the new aahesi™ .ettvity was due to 
15 •^'"^ «-« not .l^iy to host oell-related 

f " P«^tioa, Of pLP«= ^ „. 

Silled fT r"-^"^^" to tr«»for» E. 

ZtLTl l "^'^ the auxiliary pla»id pPKLlls. Randomly 
.elected tranafor^nte reaistant to aa^icillin and ohloraT 

20 '^^"^ '-"-'i". »«veral ot 

t-^'o^mt. hariwuring plaamids fro- «^iched cultures 

. f ^"-"y i-reaaed nun^r, relative to p^i:! 
-Id-contalning cells of the non-enriched parent strain ^Tahl. 

Plasmid derived from: bacteria binding to 

«- casein*^ 

Non-eariched KBlOOl 5 ± o.i x lO^ 

30 Enriched KBlOOl 50 ^ 1.5 ^ 
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a)^nunfl,e« represent mean xaaaber of bacteria per well * s.D. 

Zl^Z Z"^'" that random or spontaneous ■ 

^tlons xn genes coding for a bacterial adhesin that confer 
bxnding to a new substratum (i.e. a receptor moiety to ^2 

a^r^rUt T^^ ' ^ ^« ^^r^T 

appropriate in vitro procedures. 
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(1) GKHRRAL IBFOiaaTIOH: 



88 



PCT/DK95AM)042 



(i) APPMCAHT; 

(A) HMS: GX Biosyetems VS 

(B) SraSBT: tfothsvej 70 

<C) OYy; Holta 

(D) COCOTKY: Denmark 

(B) POSm CODB (ZIP) : 2840 

<u, Ti^o. ^ 

(iii) nHUBSR OP SBC20BRCBS: 55 
(iv) COMPOTBS HBADABU FOSH- 

2! SSIT^' disk 

(D) SOPT»«B: Patentin Release «x J, version «x.2S 
(2) njFORMKncai for sbq m HO.-l: 

<i) SBQOK NCT CB ABACTBRISTrCS • 

(A) lawsiH: 300 amino acids 
(BJ TWS: amino acid 
(CJ STRASDBDMBSS: unknown 
(D) TOPOtoOY: linear 

(ii) MDLBCOLB TYBB: peptide 

(Xi) SBQaBRCE DBSCRlPTlOIls SBQ ID H0:1: 

^ XX. J« ^ 

«. »P ^ .X. cy. ,^ „. ^ „^ ^ ^ 

Pro He Qly oly Gly Ser Ala Asn Val Tvr Val W r 

35 ^ *8n Leu Ala Pro Val 

45 

Val Asn Val Gly Gin Asn Leu Val v-i , 

50 y *an Leu Val Val Asp Leu Ser Thr Gin He Phe 

80 

80 

^ Gly Ser Ala Tyr Oly Qiy Val o^^ * «^ 

y aiy val Leu Ser Asn Fhe Ser Gly rtr Val 
SO 35 

I*y3 lyr Ser Gly Ser Ser Tvr pr« ok-, .w. 

loi ^ ^ Phe Pro ar Tbr Ser Glu Thr Pro 



xio 
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val val lyr . Asn Ser jj, ^ P„ ^ ^ ^ 



Tyr leu p«, val Ser ser AU Gly Gly Val Ala He Ma Gly 

Ser lie Ala val leu lie Leu oin Ttr Aaa Asa ,Vx *sa Ser 
"° 155 ISO 

A8P ASP Phe Gla Phe Val Ttp Asa lie Tyr Ala Asn Aea ASP val Val 

"0 „s 

val Pre Thr Gly Gly Cys Asp Val Ser Ala Arg Asp Val Val Ota 

leu Pro ASP Tyr Pro Gly ser Val Pro He Pro leu ttr Val Tyr Cys 

200 205 

Ala lys ser Gla Asa !.„ Gly Tyr Tyr Leu ser Gly ^ His Ala ASP 

215 220 

Jla Gly Asa ser lie ^ Thr Asn «„: Ala Ser Phe Ser Pro Ala Gin 

235 240 
Gly val Gly Val Gin Leu Thr Arg Asa Gly ^r He He Pro Ala Asa 

250 255 
Asn Thr val Ser Leu Gly Ala Val Gly ser Ala Val Ser Leu Gly 

270 

leu Ala Asn lyr Ala Arg Tte Gly Gly Gla Val Thr Ala Gly Asn 



270 

Qly Gly Gin Val Thr 
280 285 

val Gin ser He He Gly Val Thr Phe Val Tyr Gin 



(2) nSFORMATIOT FOR SBQ ID S0:2: 

(i) SBQDBNCB CHARACTKRISnCS : 

(A) IBRGTH: 30 amino acids 

(B) T2PB: awt'ffno acid 

(C) STRAISDBDNBSS: unJcnom 

(D) TOPQL0G7: linear 

(ii) MOLBCDLB TWB: peptide 



(xi) SBQUKNCB DESCRIPTIOR: SBQ ID »0:2: 

Glu Ala Gin Gin Met Val Gin Pro Gin Ser Pro Val Ala Val Ser Gin 

^° 15 
Ser Lys Pro Gly Cys Tyr ASP Asn Gly Lys His Tyr Gin He 



25 



30 



(2) IHFORManON FOR SBQ ID H0:3: 
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SSBOaJCB CHaRACIBRlSTlCS- 
CA) Lsrora; 29 base palra 

(B) TyPB: nucleic add 

(C) STOAHDEDHBSS: single 

(D) TOPOLOGy: linear 



(ii) 



MDIfiCDLB TTO: DKH (genomic) 



(Xi) SEQOESCB DBSCRimOB: SBQ ID K0:3: 
®G®GC3(n^ CACCTA^ 
«) mPORMATION FOR SBQ ID mz4: 

(i) SEQDBNCS CHARACTBRISTICS • 

(A) liBHGlH: 29 base pairs 

(B) WPB: nucleic acid 

(C) SrawsDEDRBSS: single 

(D) roroLOOT: linear 

(ii) BOiaCDtB TOPE: DNA (genomic) 

(xi) SBQDBHCB DBSCRIPTIQH: SBQ ID H0:4: 

(2) lOTORMRMON FOR SBQ ID BO:S: 

SgQDB aCB Cg ABACTBRISTICS- 

(B) TOPS: nucleic acid 

(C) STRARDBDHBSS: single 

(D) TOPOLOCSY: linear 

(ii) MDLBCDIfi WPB: DNA (genomic) 

(xi) SBQDBNCB DBSC31IPT1OT: SBQ ID B0:5: 
Q^nxSCGOlT TMTCAaaAA CAAAACSTCAC 
(2) IHPORMATIQH FOR SBQ ID 180:6: 

SBg» ^ CH ARACTBRISTICS - 

(A) LBRGTH: 30 base pai^ 

(B) TYPB: nucleic acid 

(C) STRAHDBDHBSS: single 

(D) TOPOLOSy: linear 

(ii) MOLBCOLB TTPB: DHA (genomic) 



29 
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(Xi) SBQDBRCB 0BSCRIPTIOT: SBQ XO no: 
GG6GCATCCT TAlTOMaAA OaJMSTOC 
(2) niPORMATIOT FOR ID H0:7: 

(1) SBQDKHCB CBARACTBRISTZCS : 

(A) LBKGXR: 24 base pairs 

(B) TWB: nucleic acid 

(C) SrmsDWmsSz single 

(D) TOPOIOGr: linear 

(ii) MOLBCaLB TOPS: DKA (genomic) 



(Xi) SBODBHCS DBSCRIPTIOT: SBQ ZD R0:7 
GroOACTTAA TBUTmOT CGAC 
(2) IHFORMRTICag FOR SBQ ID »0:8: 

(i) SBQDB KCB CH ARACTORISTICS ; 

(A) LBBR3TH: 8 base pairs 

(B) WPB: nucleic acid 

(C) STOAHDEDHBSS: single 

(D) TOPOLOGY: linear 

(ii) MOLBCCLB T»B: DISA (genomic) 



(xi) SBQOBNCB DBSCRIPTIQN: SBQ ID »0:8: 
CAGATCTG 

(2) IHFORMATION FOR SBQ ID KO:S: 

(i) SBQOEKCB CHARACXraiSTICS : 
U) LBKCTH: 10 base pairs 

(B) ms: nucleic acid 

(C) STRAEDBDRBSS: single 

(D) TOPOLOOT: linear 

(ii) MOLBCOLB TCTBj DHA (gencmic) 



(xi) SBQOBNCB DBSOaPTION: SBQ ID »0:5: 
OAAflATCTTC 

(2) HSrPORMAnON for SBQ id HO:10: 

(i) SBQDEBrcS CHARACXBRZSTICS : 

(A) XSKOIH: 51 base pairs 

(B) WPB: nucleic acid 

(C) StRARDBDHBSS: single 



51 
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») TOPOLOCnr: linear 
(ii) MQLBajLB TTO: CSDl (ganonic) 

(Xi) SSQDBRCB OBSCMPTIOT: SBQ ffi R0:10: 
«) IHPORMATIOS FOR SBQ ID B0:11: 

(B) TTO: nucleic acid 

(C) STRMSammsSi single 

(D) TOP0L067: linear 

(ii) MOLBCDLB OTPfi: DJBl (genomic) 

(xi) SBQDKRCB CBSCRIPTlcar: SBQ ID HOrll: 
GGAGATCTAA TTCCACauOC TT 
(2) INPOSMKPION FOR SBQ ID H0:12i 

SBQOB RCT CH ARACTgRlSTICS' 

(A) LBNGTH: 22 base paiM 

(B) TOPE: nucleic acid 

(C) STRMIDBDSBSS: single 

(D) TOPQWOT: linear 

(ii) MDMCDLB TOE: dna (genomic) 

(xi) SBQOBHCB DBSCRIPTIQH: SBQ ID 110:12: 
^^(SAGATCTGT TC3U30GCAGG GT 
(2) INFORManOBr for SBQ id H0:13: 

SBQDB Wa CH ARACTBRISTICS: 

(A) LBTOTH: 30 amino acids 

(B) TTFB: amino acid 

(C) STRAHDBDHBSS: unJcnom 

(D) TOPOLOGY: linear 

(ii) MOLBCDLB T»B: peptide 

(Xi) SBQDBISCB DBSCRIPTia!!: SBQ ID H0:13: 
«u M. ai. oin B.t ^ 01. „o Oln s„ ,„ ^ »^ ^ 3„ 



22 
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Ser Lye Pro Gly CjTB rtyr Asp Asn Gly Lys His Tyr Gin He 
aO 25 30 

(2) IBlPORMRffiaN FOR SBQ ID S0:14: 

(i) SBQDBRCB CHARACXBSISTXCS : 

(A) LBBGIB: 29 amino acids 

(B) TSPB: mti^ y*^ acid 

(C) STRAiaDBDSBSS: unknown 

(D) TOPOLOGY: linear 

(ii) MOLBCDLB TXPB: peptide 



(Xi) SBQOKNCB DBSCRIPTION: SBQ ID ISI0:14: 

Glu Glu Gly Lys Arg Gly Ala Arg Gly Glu Asx Gly Ala Ala Gly Pro 

Val Gly Pro Asx Gly Glu Arg Gly Ala Arg Gly Asn Arg 
20 25 

(2) lOTORMAnON PGR SBQ ID H0:1S: 

(i) SBQDBirCB CHAXtACIBRISTICS : 

(A) LBSGTH: 14 amino acids 

(B) TSTPB: amino acid 

(C) STRAISDBDNBSS: unknown 

(D) TOPOLOGY: linear 

(ii) MOLBCDLB TWB: peptide 



(xi) SEQOBNCE DBSCRIPTION: SBQ ID HO: 15: 

Ala lie Gin Asn He Arg Leu Arg His Glu Asn Lys Asp Leu 

(2) IHPORMATiaN FOR SBQ ID H0:16: 

(i) SBBJBNCB CHRRACTERISnCS: 

(A) LBHGIU: 12 amino acids 

(B) T7FB: m^w^ acid 

(C) STRASDBDRBSS: unknown 

(D) TOPOLOGY: linear 

(ii) UOLBCDLB TYPB: peptide 



(xi) SBQOBBCB DBSCRIPTION: SBQ ID R0:16: 

Arg Val Phe Pro Arg Gly Ihr Val Glu Asn Pro Cys 
^ 5 10 

(2) IKPORMAnON FOR SSQ ID H0:17: 



FCr/Di»5rt)0042 



94 



ti) SBWH TOB CH ARftCTgRISTICS: 
Ul) X£BE3TR: 13 amiso* adds 

(B) T»B: amino acid 

(C) STRANDfiDBBSS: unknoim 

(D) TOPOZOOT: li&eair 

(ii) HXUCDZiB nPB: peptide 



(xi) SBQUEhub DBSC31IPTI0H: fflQ ID H0:17: 

Asp Hie Ser Asp Leu Val Ala Qlu lys Gin Arg Leu Cys 
5 10 

(2) HJPORBaTtON FOR SSQ ID K0:18: 

(i) SEQ^KNCB CHARACTBRISTICS : 

(A) LBESGIR: 13 amino acids 

(B) TVPH: amiwrp acid 

(C) S7RA»DEDKB5S : unknovn 

(D) TOPQLOCnr: linear 

(ii) misan^ ms: perptide 



(xi) SEODBHCB DBSCRIPTIOEB: SBQ ID TOrlS: 

Ala Glu Lye Gin Arg Leu Glu Asp Leu Gly Gin Lys Cys 

(2) IKFORMRTION FOR SEQ ID H0:19: 

(i) SBQDBHCB CHARACTERISTICS: 

(A) LSRGIH: 11 aifftn"? acids 

(B) T7PE: amino acid 

(C) STOAHDBDSESS: unknown 

(D) TOPOLOGY: linear 

(ii) MOLBCDLS TYPE: peptide 



(xi) SBQDBHCS DBSCRIPTIOH: S«I ID H0:19: 
Thr Val Lys Asp Lys Leu Ala Lys Glu Gin Cys 

(2) lOTORMATIQN FOR SBQ ID K0:20: 

(i> SBOOH Ka CH ARACTBRISTICS: 

(A) Z2SGIH: 28 amino acids 

(B) TyPB: ^wi^nrr acid 

(C) STRABDBDBBSS: un)axo«m 

(D) TOPOLOGY: linear 



WO»Sa06S7 
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(11) UDXSCDLB T»B: peptide 



(xi) SBQDSSCB DBSCaiimOH: SBQ ID HO:20: 

Lys ^ Olu Oly Leu Olu Aan Olu Sly Lau ^ 

10 

Qlu Asa Glu Gly tou iq« ^ ^ ^ 

25 

(2) raPORHRnON FOR SBQ ID H0:21: 

SBOO roa Cg ftRACTBRISncS; 

(A) XiBRSIH: 30 amino acids 

(B) TTPB: amino add 

(C) STRAHDKDHBSS: unknown 

(D) TOPOLOCT: linear 

(ii) MOLBOJLE TWB: peptide 

(xi) SBOOBRCB DESCRIPTiaU: SBQ ID «0:21: 

Thr Val l,^ jjp ^ ^ ^ 

(2) lOTORBaaTION FOR SBQ ID 110:22: 

W SBQDS NCB Ca ARACTKRISncS ; 

(A) LBH6TH: 30 amino acids 

(B) TYPB: amino acid 

(C) STRATOBDHBSS: unJcnotm 

(D) TOPOLOGY: linear 

(ii) MOLBCtlLB T»B: peptide 

(xi) SBQOBHCB DBSCRimOBTs SBQ ID H0:22: 

Jspi^u^X^OluLeu^^^^,^,,^^^^^ 
Gin Gin Glu 8er Lys Glu *sn Glu lye Ala Leu Aan Glu Leu 
(2) IHPOiaiaTIOS FOR SBQ ID HO:23. 



« 30 



(1) SBgOB WCB CH aaacTHBisncs; 
CA) LBBOXH: 13 amino acids 

(B) TYPB: amino acid 

(C) STRASDBDBBSS: uaknoMn 



WO9SZ20657 

96 

(Z» TOPOLOGY: linear 
(li) MOLBCDLB T7PB:^p^tide 

(xi) SBQDBHCB DSSCRlPTICm: SBQ ID RO:23: 

Lys Glu Ala Leu JSP Lye Tyr Glu Leu Glu Asn His Asp 

10 

(2) lOTDRKATIOW FOR SBQ ID H0:24: 

ti) SBQOB NCE CH ARACITOISTICS! 

(A) LBTOIH: 10 amino acids 

(B) T»B: amino acid 

(C) STRAHDKDRBSS: unkziottn 

(D) TOraOGY: linear 

(ii) MOLBCDLB TYPB: peptide 

(xi) SBQOBNCB DBSCRIPTION: SBQ ID H0:24: 
Asp val Glu Aan Ser Met Leu Gin Ala Asn 

(2) rapORMAnQN FOR SBQ ID ro:25: 

(i) SBQDB HCB Cg aRAgrBRiSTICS ; 

(A) LBHGTH: 31 Am ino acids 

(B) TSPB: amino acid 

(C) STRAHDBDHBSS: unknown 

(D) TOPOLOGY: linear 

(ii) MOLBCDLB TYPB: peptide 

(xi) SBQDBHCB DBSCRIPTION: SBQ ID K0:25: 

X-u Lys Thr Glu jys Ser Asn Leu Glu Arg Lys Thr Ala Glu Leu Thr 
5 10 „ 

ser Glu Lys ^ Glu His Glu Ala Glu Asn Asp Lys Leu Cys 
(2) IKFORMATION FOR SBQ ID 110:26: 

(i) SBQDB HCB CH ARACTBRISTICS : 

(A) LBHGTH: 16 amino acids 

(B) TYPB: amino acid 

(C) STRABDBDHBSS: unknown 
(0) TOPOLOGY: linear 



25 30 



(ii) MOLBCDLB TYPB: peptide 



W09S«>fiS7 
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<xl) SSgasnCB OBSCRimaB; sbq XD ro:2fi: 

His Gin Lau Glu Glu Gin *sa ser Glu Ala Ser Arg Cys 



10 15 



(2) TSPOaaaiOB for sbq 1» B0:27: 

<i) SBQOB SCB Ca ARACTBRISTICS; 

(A) LBHOTH: 300 amino acids 

(B) TTB&: amino acid 

(C) STRABDBDNBSS: unknoim 
(») TOSaLOGT: linear 

(ii) mzsCDLB T»B: peptide 



(Xi) SBQDBHCB DBSCRIPTlOTs SBQ ID H0:27: 

net Lys A., Val lie «u: ^„ ^„ ^ ^ 

Val Aan Ala Jjp Ser Phe Ala ^ ^ ^ ^ 

Pro lie Gly Gly Gly Ser Ala Asn Val iw w-i « , 

35 ^ Val Aan Leu Ala Pro Ala 

40 45 



^ His Asn ASP ovr Pro Glu «„: lie ,hr ASP xyr val Tto X«u Gin 
S., «. „y Uu ^ ^ 

90 35 

^ TVr Ser Gly Ser Ser Tvr nu^ tw ^ 

100 ^ Pro Phe Pro Thr Thr Ser Glu ttr Pro 

110 

S *° ""^ S «P «0 m Al. L.. 

125 

TVr Jju ,„ ^ ^ ^ „^ ^ ^ ^ 

"5 140 
Ser l«u lie Ala Val Leu lie i*,, «w. «<i 

"5 n»r Asn Asn OVr Asn Ser 

ASP PheGln PJe Val Txp Asn lie :ryr Ala Asn Asn Asp Val Val 



170 J_7g 



val Pro tte Oly Gly Cys Asp Val Ser Ala Arg Asp 



"5 



18 0 — " ^ Asp Val Ote Val Thr 

190 

Val lyr Cys 



l«u Pro Asp rryr Pro Gly ser val Pro lie Pro Le„ ar 



9B 



•*ia iqrs Ser Oln Asn X«u Olv nh.. »^ - 

210 J«« Ser Gly Uir His Ala Asp 

**** 220 

JJ. «y Serlle »e a„ ^ ^ ^ ^ ^ 

«V 3.r *U Se. 

270 

a. ^ ^ „^ ^ ^ ^ ^ 

*™ 2S5 
vaa Gin ser He He Gly Val «ur She Val lyr em 

(2) mFORMAraOB FOR SBQ ID ER>:28 



300 



'i) SBODB WCB CH RKACIBRISTICS- 

(A) LBHOIH: 300 amino acids 

(B) nVB: amino acid 

(C) snuuiDBDBBSS: unknem 
(O) 1X>90L0G7: linear 

(ii) MOlBCOtB T»B: peptide 



(Xi) SBQDBBCB DRSCRIPTIOT: SBQ ID H0:28: 

z.ye Arg val lie T,. ^ ^„ ^ 

val Asn Ala ^ ser ..a eye ge ^ «a ^ l\ 

Pro lie Gly Gly Gly ser Ala Jan val ^ Val Asn Leu 1 p«, ^a 

Val Asn Val Gly Gin Asn leu Val t - 

50 if* val Val Asp leu Ser Tte Gin He Phe 

« 60 

^ His Asn ASP oyr ^ Glu He ^ 

Arg Gly Ser Ala Tyr Gly Gly v^ leu Ser Ser Phe Ser Gly vl 

^^AsnGlySerSer^PropjePro^^^SerGlulp^ 
»r,V«JW,„^3„^ ^^^^^^^^ 



"» US 



WO9S«0d57 
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tyr Xeu Thr Pro val s«: ^ Ala Oly oly val Ala He 1^ Ala Oly 

Ser Leu He ^ lie I*u Arg Gin ^ ^ ^ 3,, 

"° «S X60 

ASP ASP Phe Oln Val ,tp Asn He OVr Ala Asa Asn A,p Val val 



170 „5 



Val Pro «„: oly Gly Cys Asp Val Ser Ala Cya A«p Val ^ 

190 

I«u Pro ^ TVr Pro Gly ser val Pro lie Pro lau Thr Val Tyr Cys 

Ma Lye ser Gin Asn Leu Oly Tyr Tyr Leu Ser Gly His Ala Aep 

"5 220 

Jla Gly Asn Ser He Phe Ohr Asn ,hr Ala Ser Phe Ser Pro Ala Gin 

«y v« Gly V.1 aij ^ ^ ^ „^ ^ „^ .1. ^ «. 

255 

"° ""^ fSJ ~ "V »r ^ »U s« ^„ 

270 

I-u ^ Ala Asn oyr Ala Arg Gly Gly Gin Val ^ Ala Gly Asn 

280 285 
val Gin Ser He He Gly Val Tte phe val lyr Gin 

295 200 
(2) lUPORMRTXOB FOR SBQ ID H0:29: 



(i) SBCjPE TOB CB aRACIBRISnCS; 

(A) L8H0TH: 300 aoino acids 

(B) nPE: amino acid 

(C) STRARDSDBBSS: uaknoMn 
(0) T0POL067: linear 

(ii) MOLBCDLB TIPB: peptide 



(Xi) SBQOBHCB DBSCBIPTION: SBQ ID H0:29: 

Lys Arg Val He Thr l.u Phe Ala Val Leu Leu «et Gly Trp Ser 

Val Asn Ala Trp Ser Phe Ala eye Lye Thr Ala 
20 25 

1^ lie Gly Gly Gly Ser Ala Asn Val Tyr Val Asn Leu Ala Pro Ala 

45 

Val Asn val Gly Gin Asn Leu Val Val Asp Leu Ser Thr Gin He Phe 



10 „ 

20 - Asn Gly Thr Ala He 

25 30 



55 60 



WO9Sa0«S7 
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100 

^ Hl8 Asa ABp ,^ j«e Glu Thrlle ASP TVr Val Tbr leu Gla 

75 80 



*rg Oly ser Ala Tyx Gly Oly Val Leu Ser Ser Phe Ser Glu Thr Val 
85 90 55 

lys Tyr Asa Gly ser ser Tyr Pro Phe Pro Thr thr ser Glu Thr Pro 

2.10 

Arg Val val Tyr Asa ser Arg Thr ASP Lye Pro Trp Pro val Ala Leu 
TVx Leu «„: P,:o Val ser Ser Ala Gly Gly Val Ala He Ala Gly 

S^^ Xle Ala val l«u He Arg Gla Thr Asa Asa TVr Asa ser 
"° «5 ISO 

ASP *ap Phe Gla Phe val Ttp Asa lie Tvr Ala Asa Asa ASP val val 

170 

val Pro Thr Gly Gly cys ASP VW ser Ala Arg Ai^ val Thr val Thr 
Leu Pro A^ ,yr Pro Gly Ser Val Fro He Pro Leu Thr Val Tyr Cys 

200 205 

Ala Lys ser Gla Asa Leu Gly TVr TVr Leu ser Gly Thr A^ Ala ASP 



220 



Ala Gly Asa Ser He Phe Thr Asa Thr Ala Ser Phe Ser Pro Ala Gla 



235 



240 



Gly val Gly Val Gla Leu Thr Arg Asa Gly ^ He He Pro Ala Asa 



250 



255 



260 Sir ^ Sar Leu Gly 

265 



Am Tlxr Val Ser Leu Gly Ala 
260 

Leu Thr Ala Asa ,yr Ala Arg ^ Oly Gly Gla Val Thr Ala Gly Asa 

265 

val Gin ser lie He Gly Val Thr Phe Val Tyr Gin 
12) IHPOIOmTIOBI FOR SBQ ID HO:30: 



«5 



(i) SBQORHCB CHARACTBRISTICS : 

(A) LSHGTH: 300 amino acids 

(B) TVPK: amino acid 

(C) STRABDBDHSSS: unknown 

(D) TOTOLOGY: linear 

(ii) m>LSCai£ TOT: peptide 



<xi) SEQUBHCB DBSCRIPTiaN: SBQ ID HO: 



PCT/DK95AMI042 

101 

»t Lys Arg val lie Leu Phe Ala Val Leu I*u Bat Qly Trp Ser 
■ ^ 10 IS 

val Aaa Ala ftp ser Phe Ala Cys TOr Ala Aaa Gly Ihr Ala He 
^® 25 30 



Pro lie Gly oly Qly Ser Ala Aaa Val oyr Val Asa Leu Ala Pro Ala 
=* . 40 45 

Val Asn Val Gly oin His Leu Val Ai^ Leu ser thr Gin lie Phe 

55 go 

Cys His Asn ASP Tvr ^ Olu thr lie Ohr ASP oyr val ^ Leu Gin 



75 



do 



^ Gly ser Ala jyr Gly Gly Val Leu Ser Asn Phe Ser Gly Tte Val 

®^ SO 95 

Lys lyr ser Gly Ser Ser Tyr Pro Phe Pro «ur Ser Glu Thr Leu 

XIO 

*rs val val ,yr Asn ser Arg jhr Ai^ Lys Pro Ttp Pro val Ala Leu 

^ Leu Tlxr Pro vai ser ser Ala Gly Gly Val Ala lie Lys Ala Gly 

"5 140 

ser Leu lie Ala Val lju He Leu Arg Gin Thr Asn Asn ,yr Asn Ser 

"° «S 

*sp ASP Phe Gin Phe vai Trp Asn lie oyr Ala Asn Asn ASP val val 

170 

val Pro Thr Gly Gly Cys Asp Val Ser Ala Arg Asp Val Thr Val ««: 

1S5 

Leu Pro A^ Tyr Pro Gly Ser Val Pro lie Pro Leu Val ,yr Cys 

200 205 

Ala Lys Ser Gin Asn Leu Gly oyr Tyr Leu Ser Gly Thr His Ala Asp 

215 220 

Ala Gly Asn Ser lie Phe Thr Asn Ala Ser Phe Ser Pro Ala Gin 

235 

Gly val Gly Val Gin l*u «n: Arg Asn Gly Thr lie He Pro Ala 

Asn ite Val Ser Leu Gly Ala 
260 

Leu ^ Ala Asnivr iOa Arg Thr Gly Gly Gla Val thr Ala Gly Asn 

280 285 

val Gin Ser He He Gly Val Thr Phe Val Tyr Gin 

295 

raPORMAnoW FOR SSQ ID R0:3l: 



250 



Asn 



255 



260 ' — ^ Oly 

265 270 



PCT/DK95AMKM2 
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(1) SBODBSCB CBMttCIBRISTlCS: 

CA) 18N9IB: 296 amino acids 

(B) nvB: amino acid 

(C) STSABSBDSBSS: unknown 

(D) TOPMOCT: linear 

(ii) MOIficaLB TOPE: peptide 



(Xi) SBODBSCB DBSCBIWICW: SBQ ID K0:31.. 

J^t .ye ^ val xie ^ ^„ ^ 

val *en ^a Ttp ser Phe Ma eye jye Aen aiy ^ 1 Xle 

30 

V»lAj»«l«,o^^ ^^^^^^^^^^ 

60 

»^v.xj«^^.„^ ^^^^^^^^ 

125 

TV- Tto P.O V« ,„ ^ ^ „^ ^ ^ 

140 

Val Leu He Leu Arc Qin Th*- a-^ « 

"5 *^ Ser Aep Aep Phe Gin 

ISO 

»- xrp «. xj. ^ ^ ^ ^ ^ ^ ^ ^ 

175 

«yc„^™,.,^^^ ^^^^^^^ 

190 

200 205 

Asn Leu Gly T^r lyr Leu Ser Gly Thr Hl« ai« * 

210 JTZ HiB Ala Asp Ala Gly Asn Ser 

lie Phe Thr Aen Thr Ala sa^ nv-. « 

225 JJJ S« Ser Pro Ala flln Sly val Gly Val 

61n Leu Thr Arg Aen Glv Thr ti« 

* Biy rar lie He Pro Ala Aan Aen Bit val Ser 



WO9S/20657 

103 



245 250 



255 



I-eu Gly Ala Val ly Tbx 8mr JUa Val Ser Leu Oly Leu Thr Ala Aan 
260 265 

iVr Ala Arg Thr Gly Gly Gin Val ibr Ala Gly Asn Val Gla Ser He 

280 285 

He Gly Val Ihr Phe Val TVr Gin 
290 295 

(2) lOTOHMAriON FOR SBQ 10 KO:32: 

(i) SBQORTOE CBARACTBRZSnCS: 

(A) LBKGZH: 300 amino acids 

(B) TTPB: amino acid 

(C) STHAISDBDRBSS: unknown 

(D) TOPQLCXnr: linear 

(ii) MOLBCaLB TSOT: peptide 



(Xi) SEQaEHCE DSSaaPTZOR: S% ID TO:32: 

«fet Lys Arg Val He Thr Leu Phe Ala Val Leu Leu 2fet Gly Ttp Ser 
5 10 



15 

Val Asn Ala ftp ser Phe Ala Cys Lys Hir Ala Asn Gly rtx Ala He 

25 30 

Pro He Gly Gly Gly Ser Ala Asn Val Tyr Val Asn Leu Ala Pro Val 
35 40 45 

val Asn val Gly Gin Asn Leu Val Val Asp Leu Ser ttr Gin He Phe 

55 60 

His Asn ASP rryr Pro Glu Thr He Thr A^ 
Arg Gly Ser Ala Tyr Gly Gly Val Leu Ser Asn Phe Ser Gly Thr Val 

85 " ~ 



90 



95 



lys -ryr Ser Gly ser ser Tyr Pro Phe Pro Thr Thr Ser Glu Thr Pro 

lOS xio 

Arg val yal TVr Aaa ser Arg Thr ASP Lye Pro Trp Pro Val Ala Leu 

" 120 125 

Tyr I^u Thr Pro Val ser ser Ala Oly Gly val Ala He Lye Ala Gly 

ser Leu He Wa V*l Leu He l*u Arg Gla Thr Aan Asn Tyr Asa Ser 

^50 ^gjj 

Asp ASP Phe Gla Phe val Ttp Asa lie Tyr Ala Asa Asa Asp Val Val 

J^,g 



wo 95(20687 

FCXn>]OS/00042 
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Pro «ir Oly Gly Cys Asp val Ser Ala Arg Asp val Bur Vil Thr 

185 

I*u Pro A^ ,yr Pro Gly ser Val Pro He Pro rtr Val Tyr Cys 



200 

Ala lyB Ser Gin Asn l«u Gly Tyr Tyrlau Ser Gly Ite Bis Ala Asp 

•*w 2^ jr 



220 

Ala Gly Asn Ser lie Jhe Thr Asn Tte Ala Ser Phe Ser Pro Ala Gin 

235 240 

Gly Val Gly val Gla leu Ihr Arg Aan Gly nur lie lie Pro Ala Asn 
2*5 250 255 

Asn Thr . ser l*u Oly Ala val Gly ihr ser Ala V41 ser Leu Oly 
2«0 2«5 270 

l«u Thr Ala Asa Tyr Ala Arg Ite Gly Gly Gla Val Thr Ala Gly Asa 

?S Thr Phe Val Tyr Gin 

295 

(2) XKraBHWTZQR FOR SBQ ID HO: 33: 

(i) SBQUUNCB CBASACTB8ISTICS: 

(A) LBHG1R: 300 amino acids 

(B) TYPB; amino acid 

(C) STRASDEIfflBSS: untaiOMn 
(O) T0PQL067: linear 

(il) igaLBCDLB mS: peptide 



(Xi) SBQDBHCB DBSCRIPTIOH: SBQ ID HD:33: 

J«»t lys Arg val lie Asn Leu Phe Ala Val Leu Leu Met Gly Trp Ser 

10 15 

val Asn Ala ftp ser Phe Ala eye Ote Ala Asa Oly Thr Ala He 

25 30 

Pto lie Oly Gly Gly ser Ala Asa val Tyr vai Asn Leu Ala Pro Ala 

40 45 

val Asn val Gly Gin Asn leu Val Val Asp Leu Ser Tto Gin lie Phe 

55 fio 

^ His Asn ASP lyr ft» Glu Thr lie Thr Asp lyr Val Thr Leu Gin 

60 



70 75 



Arg Oly Ser Ala Tyr Gly Gly Val Leu Ser Asn Phe Ser Oly Thr Val 
85 90 95 

lors Tyr ser Gly Ser Ser Tyr Pro Phe Pro Thr Ihr Ser Olu Thr Pro 



WD»20d57 
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Arg val val ivr ito Ser Arg Obr iu^ 10^ Pro 



120 



125 



»Vr leu :mr Pro Val Ser Ser iOa Gly Gly Val Val He Ala Gly 
"° 135 140 

Ser L8U lie *ia val ij„ He Leu *rg Gla Asa Ae„ Tyr Asn ser 

«S 



ASP Asp Phe Gin Pha val ftp Asn He lyr Ma Aaa Asn A8P val val 
165 170 „5 

val Pro Ihr Gly Gly Cys Asp val 8er Ala Arg Asp Val Thr Vai ar 

185 X90 

l«u Pro ^ lyr Pro Gly 8er Val Pro He Pro Le„ Tte Val Tyr Cys 
Ala lys ser Gin Asn Leu Gly ,yr ,yr Leu aer Gly «^ His Ala ASP 

2X5 220 
Ala Gly Asa Ser He Jhe Asn Thr Ala Ser Phe ser Pro Ala Gin 

Gly val Gly Val Gin Thr Arg Asn Gly Ite He He Pro Ala Asn 

250 

Asa Thr val Ser Leu Gly Ala Val Gly Ser Ala Val Ser Leu Gly 

265 270 

X«eu thr Ma Asn Tyr Ala Arg Thr Gly Gly Gin Val Thr Ala Gly Asn 



280 285 



Val Gin Ser He He Gly Val Thr PJie Val Tyr Gin 

295 

(2) INPORBIATIOW FOR SBQ ID H0:34: 



(i) SBQOBHCB CHARACTBRISTICS : 

(A) LBNGIB: 300 amino acids 

(B) T7PB: amino a^d 

(C) STRAmSDNBSS: unknown 

(D) TOPOLOGf?: linear 

(ii) MOLBCDLE TJfPB: peptide 



(Xi) SBQDRRCB DBSOIIPTION: SBQ ID KO:34: 

Lys Arg Val lie Ttr Leu Phe Ala Val Leu Leu Met Gly Trp Ser 



10 



15 



Val Asn Ala ftp ser Phe Ala Cys Lye Thr Ala Asn Gly Thr Ala He 

25 30 

Pro He Gly Gly Gly Ser Ala Asn Val T^r Val Asn Leu Ala Pro Ala 



45 



WO9SO0«57 
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V*a Aan Val <ay can Aao leu Via val Asp I*u Ser <Ua lie Phe 



SO 

^ Hie Aaa Asp Tyr pro Glu BUT lie Bu: jisp Tyr v«l i^u Oto 

IS 80 



Arg Gly ser Ala lyr Gly Gly Val Leu Ser Ser Phe Ser Gly Tbr Val 
« 90 95 

Lys xyr Asa Gly Ser Ser Tyr Pro Phe Pro Tta: Thr Ser Glu Thr Pro 



"5 110 



Arg val val ^ Asn Ser Arg ar ASP Lys Pro Txp Pro val Ala Leu 

125 

OVr leu nu: Pro val ser Ser Ala Gly Gly Val Ala He Lye Ala Gly 

ser Leu He Ala Val lju He Leu Arg Gin Asn Asa ,yr Asn Ser 

«5 ISO 



ASP ASP Phe Gla Phe val Ttp Asa lie Tyr Ala Asa Asa ASP Val val 

170 

val Pro Ba: Gly Gly Cys Asp Val Ser Ala Arg Asp Val Thr Val Thr 

l«u Pro ^ Tyr Pro Gly Ser val Pro lie Pro Leu Thr val TVr Cys 

200 205 

Ala lys ser Gla Asa x-u Gly Tyr lyr Leu Ser Gly Thr His Ala A^ 



220 



Gly Asa Ser He ^ Asa Thr Ala Ser Phe Ser Pro Ala Gla 



235 



240 



Gly val Gly Val Gla !«. Thr Arg Asa Gly Thr He He Pro Ala 



250 



Asa 



255 



Asn Thr val Ser Leu Gly Ala Val Gly Ttr Ser Ala Val Ser Leu Gly 

270 

Leu Thr Ala Asa Tyr Ala Arg Thr Gly Gly Gla Val Thr Ala Gly Asa 

280 285 

val Ola Ser He He Gly Val Thr Phe Val Tyr Gla 



2« 300 



nSFORKAnOK FOR SBQ ID 110:35: 

(i) SBQOBNCB CHARACTERISTICS: 

(A) LBBGTB: 300 amino acids 

(B) TTPB: amino acid 

(C) STRASDBDISBSS: unknown 
(O) TOPOLOGY: linear 

(ii) JSOLSCDLB TTOB: peptide 



PCT/DK95/00042 

107 

ix±) SSQDSSCB DBSCRIPTION: SSQ ID K0:35: 

H« t Lys ^ Val lie Ite Leu Phs Ala val Leu Leu Uet Oly Trp Ser 

10 15 

Val Asa Ala Ttp Ser Phe Ala Cre LvB mwr ai» a«, m 

20 '-J^ *yB rar Ala Asa Oly Ohr Ala lie 

Pro II. SXy Oly ST «. Jj„ T,, Vl «« ^ «. ,„ „. 

V»l «j, VU Oly ,1. ^ ^ ^ ^ „. ^ 

^ His Aan ASP tvr Glu lie «^ ^ ^ ^ ^ 

90 95 

l-yB Tyr Ser Gly Ser Ser Tvr Pw, oh-. 

100 ^ ^ Pro ttr ar Ser Olu thr Pro 

*'»v.ivg^»„.„^ ^^^^^^^^ 

«o 125 
•Vr !.„ p„ v« ser s» «. oiy oi, vi «. i.. ^ „^ 

J« !-« II. «. »i n. L«. ^ 31, ^ ^ ^ ^ ^ ^ 

160 

-Asp Asp Phe Gin Phe Val 

^ pne Val ftp Asa He ivr Ala Asa Aaa Asp val Val 

170 

v« ^ Oly Oly cy, «p „. ^ ^ ^ ^ ^ 

190 

205 

«. S.r 01. iun 1.^ Og ^ ^ ^ ,„ „^ ^ ^ ^ 

220 

^ Oly «« 3., II. ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

Gly Val Oly Val Ola Leu Ths- ar« a— ^i 

«xa Mu TJir Arg Asa Oly Ttor He lie Pro Ala Asa 

255 

^ Vl S» 1^ Oly «. ^ 3„ ^ ^ ^ 

270 

^ T,. »!. ^ ^ „^ ^ ^ 

285 

val Ola ser ii iie eiy Val Thr Pl« val lyr Gla 



290 295 
(2) IHPOHMATIQR FOR 8BQ ID N0:36: 

(i) S^JtJBNCB CHARACTBRXSTXCS: 

(A) XiBSOiH: 300 amino acids 

(B) nPB: ^w^n*? acid 

(C) STMSDSDmsSi unlencnm 
<D) TOPOLOGY: linear 

(ii) MOtiBCDLS T3fPB: peptide 



108 



PCT/DiC9S/D0042 



300 



(xi) SEQDSRCB DBSCRIPTIOW: SBQ ID HO:36: 

M.t Lye Arg Val lie Thr Leu Phe Ala Val Leu Leu mt Gly Trp Ser 
val Asn Ala Ser Phe Ala Cye Lys Thr Ala Asn Gly rt^ Ala lie 



25 



30 



Pro lie Gly Gly Gly Ser Ala Asn Val lyr Val Asn 



35 



40 



Leu Ala Pro Ala 
45 



val jsn val Gly Ola iU« Val Val iUip Le„ s«r Tto Ola He Phe 



60 



g8 Hie Asa Asp lyr 1^ Olu Thr lie Tte Asp TVr val Thr Leu Ola 

75 80 

*rg Oly ser Ala TJr Oly Oly Le« ser Asa Phe Ser Oly Thr Val 
«5 90 95 

lore Tyr ser Oly Ser Ser T^r Pro Phe Pro Thr Thr Ser Olu Thr Pro 
Arg val val Tyr Asa ser Arg Thr Asp Lys Pro Trp Pro Val Ala Arg 
TVr leu Thr Pro val ser ser Ala Oly Oly Val Ala He Lys Ala Oly 
ser Leu lie Ala Val l«j He Leu Arg Ola Thr Asa Asa Tyr Asa Ser 



150 



155 



Asp Asp Phe Gin Phe Val Tip Asn He Tyr Ala Aan Asn Asp 
165 * — 



170 



160 



Val Val 



175 



val Pro Thr Gly Gly Cys Asp Val Ser Ala Arg Asp Val Thr Val Thr 
"° "5 „o 

I^u Pro ^ Tyr Pro Gly Ser Val Pro He Pro Leu Thr Val TVr Cys 



205 



Ala lys ser Ola Asa I«t Oly Tyr Tyr Leu Ser Oly Thr His Ala Asp 

215 220 



PCT/DK9SA)0042 



109 

235 240 

V" oxy vax oin ^ ^ ^ ^ ^ 

^ «^ Ser oiv ^. val ^ 3er ^ VaX se. OX, 

270 

«-u»r«.»„^^^ ^^^^^^^^^^ 

285 

Val Gin ser lie lie 61y v«l Tte p,,e Val ,Vr 01„ 
(2) IHTOSHRTXOH FOR SSQ ID iro:37. 



SBgOB WCB CH AmCTBRISTKS; 
<A) LBSGIB: 300 amino acids 

(B) T»B: amino acid 

(C) smAHDBDZBSS: single 

(D) TOPOLOOT: linear 

(ii) MOIBCOLB Tn>B: p^tide 



(Xi) SBCDBRCB DBSCRIPTKW, SBQ ID 80:37: 

^tX^^Valne«„^„«,^,,^^^^^^^^^^^^^ 

val ^ Ala Tjp ser Phe Ma ^ ^ 

" 30 

Pro He Gly Gly Qiy Ser Ala Jten vai Tvr v-i » , 

35 VT* ^ ^ Asn l«u Ala Pro Ala 

*" 45 

Val Asn Val Gly Gin Asn Leu Val v-i , » 

50 r?" ^" Asp I«u Ser Thr Gin He Pfae 

SO 

gB His Asn ASP oVr Gl« tmr xie Tto ASP ,yr val X.U Gin 

«^ «y s„ ^ va ^ ^ ^ ^ „^ ^ ^ 

110 

«^ v« VJJ »" «P P» ^ Pro Vl «. 

tyr Leu Tiir Pro Val Sm- fi«*» ni^ «i 

130 v« ser Ser Ala Gly Gly Val Ala He Lys Ala Gly 



"5 

S^I^ull *^ValXeulle,«.ArHGln«„AsnAan^AsnSer 

155 



WO95A20657 

110 



*».«P»b.O..^^^^,^,^ ^^^^^^ 

175 

VAl Pro «„: Olj Oly eye MP Ala His Aep val val Tto 

X-u Pro ^ lyr Pro Oly sar P« lie Pro Lau val TVr cys 

200 205 

*la Ijj ser Oln Oly Tyr ,yr aer Oly «ur His Ala A^ 

315 

s» ^ 

Gly val Giy val 01^ leu ^ P«, Ala Asn 



250 2S5 



Asa Ihr V.1 ser Leu Oly Ala Val Oly Thr Ser Ala Val 



260 ^^'^ Ala Val Ser Leu Gly 

*»0 285 
val Oln Ser lie He Gly «ur Phe Val T^r Gla 

2) IHPOraOOTOB Pl» ID BO:38: 



»5 300 



(i) 8BQ0B HCS Ca ABACTBRISTICS ; 

(A) XSBQIR: 300 amino acids 

(B) T»B: amino acid 

(C) SntASDBDBBSS: unknown 

(D) TOPOLOSY: linear 

(ii) MaLBCDLB TYPE: p^tide 



(xi) SBQDBBCB BBSCRIPTIOT: 8BQ ID HO:38: 

Lys Arg val lie Thr Leu P,« Ala Val Leu Leu Mat Gly Txp Ser 

" 15 

val Asn Ala Jjp ser «» Ala Cys Lys Ala Asa Gly Tto Ala lie 

25 3Q 

Pro lie Gly Gly Gly Ser *la Asn Val Tyr Val Asn Leu Ala Pro Ala 

40 ^5 

Val Asn Val Oly Gin Asn Leu v«i v«i t 

y " «n Mu val Val Asp Leu Ser OUr Gin He Phe 

55 60 

^ His Asn A^ ,yr pro Glu lie Bu: ASP ^ val ar Leu Gla 



7S 80 



^ Gly ser Ala ^ Gly Gly Val Leu Ser Asn Phe Ser Gly Ttr Val 



8S 90 

90 55 



wo 9500657 
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lOTB IVr 8« Gly aer S«r xyr Pro Pje ^ Thr Thr ser Olu tte pro 

110 

Val val ,Vr Aan Ser *rg T^i^i^p^^p^^^^^ 

Tyr leu Oto Pro val Ser Ser Ala Gly oly Val Ala He Lys Ala Gly 

Ser Leu lie Ala Val l.u lie l«u Arg Gla Aan Aan Oyr Asn Sar 

«5 ISO 

ABp ASP Phe Gla Phe Val Ttp Asn lie Tyr Ala Asa Asn ASP Via Val 

170 3^75 

val Pro „u: Gly Gly cy, ASP VW ser Ala Hie ASP val Val Thr 

"5 190 

Leu Pro A^ Tyr Pro Gly Ser Val Pro lie Pro Leu val rtyr Cys 

205 

Ala Lys Ser Gin Aan Leu Gly Tyr ,yr Leu Ser Gly His Ala Asp 

220 

Jia Gly Asn Ser lie Phe Aea Thr Ala Ser Phe Ser Pro Ala Gla 



235 



240 



Gly Val Gly Val Gin Leu Arg Asn Gly ^ lie Pro Ala Aan 



250 



255 



sjj ^„ Sly «. V« „^ ,„ ^ ^ ^ 

255 270 
I^uThrjla^^^,^ ^^^^^^ Gin val ...r Ma Oly 



"0 . 285 



^^"^ Y?^ ^ Val Tyr 



295 



Gin 
300 



(2) lIlPOiaanON for SBQ id TO:39: 

(i) SBQDSHCB CHARACTBRZSTICS : 

(A) LBRGTH: 300 amino acids 

(B) TYPE: amino acid 

(C) STRAKDSDSBSS: unknown 

(D) TDP0L06V: linear 

(ii) MOLBCtJLB T»B: peptide 



(Xi) S^JDBEICB DBSCRIPTION: SBQ ID R0:39: 

jet Lys Arg Val lie tlu: Leu Phe ^a Val Leu Leu H.t Oly Ttp Ser 

10 

val Aan Ala ^ ser Phe Ala cys Lys Thr Ala Asn Gly Tin: Ala lie 



25 



30 



wo 95/20657 
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Pro lie Gly Oly Ser Ala iu» Vol TVr Vl ^ ^ p„ ^ 

40 45 

Val Jan Vl Gly Gin Asn xau V.1 val iuip Leu Ser Ihr Gin He Phe 

55 go 
^ His Aen ^ ^ Gl« Thr lie Ihr Asp VI «„: Leu Gin 

*rg Gly Ser Ala Tyr Gly Gly Val Leu Ser Ser Pha Ser Gly Tt^ Val 

90 55 

Lys TVr Asn Gly ser ser Tyr Pro Phe Pro ,hr ser Glu Ohr Pro 

110 

"0 125 
^ I-u Pro val ser S^ Ala Gly Gly Ala lie Ala Gly 



"5 



ser Leu lie Ala Val Leu He leu Arg Gin Thr 



14S ~- «3 ein Tto Aan Asn Tyr Asn Ser 



155 



160 



A«P ASP Phe Gin Pje Val T.P Asn He Tyr Ala Asa Asn A^ Val Val 



170 



175 



v.lP„«„:«j„^C„^^ ^^^^^^^ 

190 



"-"'r.^T,,,^^,,^ ^^^^^^^^^ 

200 205 

Ala lys ser Gin Asa Leu «y Tyr Tyr l.u Ser Gly Thr His Ala Asp 

215 220 

J Gly Asa Ser Xle T,»: *sn Tta Ala Ser Phe Ser Pro Ala Gla 

240 

Gly Val Oly Val Gin Leu Thr Arrr a«« /sn ^ 

245 ^ ^ Pro iaa Asn 

250 255 

265 270 

!*« T»u: Ala Asa Tyr Ala Arg Tjr Gly Gly Gin val Tlu: Ala Gly Asn 

280 285 

val Qln ser He He Gly val ttr Phe Val Tyr Gin 



«5 300 



raPOHManON for ^ id HO:40: 

(i) SB02BHCS CBARACZBRZSnCS: 

(A) LgSS iH; 300 amino acids 

(B) TYPE: amino acid 

(C) ffmSDBSmsS: UDkxmn 

(D) T0PQL0G7: linear 



WO9Sa0fiS7 

113 

(11) UQiiBCOLB TXVB: peptide 



PCnDK9SA)(NM2 



(Xi) SBQDBHCB DBSCRIPTIOH: SBQ TD B0:40: 

Met Lys Arg Val lie Bir l*u Phe AU Val Leu leu Het Gly Trp Ser 

■^5 xO 



15 



val Asa Ala Trp Ser Phe Ala Cys L/b Ihr Ala Aen Oly THr Ala lie 

25 30 

Pro He Oly Gly Gly Ser Ala Aen ValT/r Val Aan Leu Ala Pro Ala 
35 40 45 

val Jjn val Gly Gin Asa leu val val ASP Leu ser Thr Gla He Phe 
gs Hie Asn Asp Tyr Pro Glu Thr He Thr A^p TVr val Itor Leu Gin 



70 



75 



80 



*rg Gly Ser Ala Tyr Gly Asp VW Leu Ser Ser Pbe Ser Gly Thr Val 



« 90 35 



Lys Tyr Asn Gly Ser Ser Tyr Pro Phe Pro Thr Thr Ser Glu Thr Pro 



100 105 



110 



Arg val Tyr Asn Ser Arg Thr A^ Lys Pro Trp Pro Val Ala 



"5 120 



Leu 



125 



1«S 170 



Tyr leu Thr Pro VU ser Ser Ala Gly Gly Vai Ala He Lys Ala Gly 

ser Leu He Ala Val iju He Leu Arg Gla Thr Asa Asa Tyr Asn Ser 

155 ifio 

ASP Asp Phe Gla Phe val Trp Asa He TVr Ala Asa Asa Asp val val 

175 

val Pro Thr Oly Oly Cys Asp Ala Ser Ala Arg Asp Val Thr Val Thr 
180 185 150 

leu Pro ^ Tyr Pro Gly ser val Pro He Pro Leu Thr val Tyr cys 

Ala Lys Ser Gla Asa Leu Gly Tyr Tyr Leu Ser Gly Thr His Ala Asp 

21S 220 

Ala Gly Asa Ser He Phe Thr Asa Thr Ala Ser Phe Ser Pro Ala Gla 

"° 235 240 



Gly Val Gly Val Gla Leu Thr Arg Asa Gly Thr He He Pro Ala 



245 



250 



Asa 



255 



Asa Thr Val Ser Leu Oly Ala Val Gly Thr Ser Ala Via Ser Leu Gly 
260 265 270 

leu Thr Ala Asa Tyr Ala Arg Thr Gly Gly Gla val Thr Ala Gly Asa 



114 
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275 



280 285 



Val Gin Ser lie lie Qly Val ttr Phe Val TVr Gin 

295 

(2) IHPOHMKnOR FOR ID N0:41: 

(i) SBQDBS CT Cm aiCTBRISTICS ; 

(A) IgTO TH; 900 base pairs 

(B) TWB: nucleic acid 

(C) STRAHDEDKBSS: single 

(D) TOPOLOGy: linear 

(ii) fSOhRajXS TYPE: USA (genos&ic) 



(xi) SBQDHHCB DBSCRIPTIOT: S8Q ID H0:41: 
MtaAACGAG TIMTACCCr GTn^^ CTGCTGATOO GCTCGTCOGT AAATOOCTOG 
TCATTOGCCT GTAAAACC6C CAATOGiaUS: GCraTOTtA TTGGCGGTGG CAGOGCOUVT 

CGAGGCTCGG CTTAT^ 

6A3MGCCGT GGCOGGTOQC GCirTATTTG JU3GCCXGTGA GCAG1GCG6G OGGGGIGGCG 
^AAGCTOGCT^^ 

<an3ArrTcc AomoTGrG GAArrKrroic Gcauasum^ atoxggtgot gcctactogc 

GGCTGCGATC rarCTGCTCG TQATOTCACC GmCTCTGC CX3GACTAC0G OXSGTTCAGXG 
CCAAITCCTC TTACCG™ 

i«3lCACGCA0 MOaSGGCAA CTCGATmc J^COOm^CG CGrCGTTTTC AOCTGCACAO 
«3CGTCGGCG laiOOrTOAC O ACQATTATTC CAGCGWmUl OUSSOTAIOG 

naUSGAGCAG 

6GAGGGCAGG TGACT^ 

(2) lOTORMAKON FOR SEQ ID H0:42: 

(i) SEQDKI8CB CHARACTBRISTICS : 

(A) LSBGZB: 900 base pairs 

(B) T7PB: nucleic acid 

(C) STRMDEDZaSSS: single 
(O) TOPQI067: linear 



60 
120 
180 
240 
300 
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wo 9500657 
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(ii) MOLBOOB TYSB: DHA (genooic) 



FCT/PK9S/D0042 



(Id) SBQDBRS DBSCRIPTIOH! SEQ ID BO:42: 
*WAAA0SA6 TTOTACCCT OTTW^ 

GTTTATOm JUXOTSOGa itx»n^ 

*OGCAA»ra TTTCosmui caa^^ 

aaOJTTCGQ CTmGa»3 CG«^^ 

*GTAGCBm: CTTTCcrtRc 

SAIA«GCCGT GGCCSGreo: GCTT^ 

«Tc«mw TOcos^ 

«W«ATOC iUmrOTOTG QA«^ 

CC6AITCCTC TWCOOTTTIl TT^^ 
*C»«aU»CAG MGOGGGCAA CT^^ 
GGCQTCGQC6 TAO«TTOAC 0CQC3J«^ 
"AGGAQCAG TAGGOACTTC GGO^GtASeT CT^^ 

GGAGGGCAGQ TOMTOCAGG OAATCIGCAA TOaTTMTC GOSTOACTTT «TTTMCW^ 
(2) INFORMATION FOR SBQ ID R0:43: 

(i) SEQUKfti CB CH ARACTBRISnCS: 

(A) LBSQIH: 900 base pairs 

(B) TWB: nucleic acid 

(C) STRASDfiDlSIBSS: single 

(D) TOPOLOGY: linear 

(ii) MOLBCDIfi TWB: DEBl (genomic) 

(xi) SBQOSNCB DESCRIPTION: ID ro:43: 

MtSAAACGAG TTMTACCCT GTTTCCIOTA CTGCTQATOG GCTGGTCGGT AAAWCCTGG 
TCATTCGCCT GKOU^ 

.^^OGCAAATCT TTTGCCAIWL CGMTACCGA fflUACCMTA OGACrnTOT CACACTGCAA 



60 
120 
180 
240 
300 
360 
420 
480 

540 

600 

660 

720 

780 

840 

900 



60 
120 
180 
240 



wo 9500557 
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OaMOTTOGG CTTMOGCGS 

<aiAJ»GCCOr GGCCGGTGSC GCTTEmXG *OSCCOSWa GOmGCGGO 66QA8IG6C6 
iCrTAAAOCXG OCTCiaTAAT 

sftraATTTa «sxTOnt3ro GA»^^ 

OSCTCTQATC CITO6C1CG TOa^^ 
CCQATTCCTC TTACCBTrai TT^^ 

ACAOmSCAG JOBCGGGCAA CICaATTTTC 
GGOGTOSGOG T3«3«mtaAC GOGCAA^ 

(2) IHPORMnTlOISr TOR SBQ ID K0:44: 

(i) SBQDB WCB CH ARACTBRISTICS : 

(A) LBSGTH: 900 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBZSSBSS: single 

(D) OOPQLOGnr: linear 

(ii) JaOLBCDLE TWB: DBA (gnomic) 

(3ci) SBQDBHCE DBSCRIPnOH: SBQ ID H0:44: 
ATOAAACGAG TT^^ 

TCATTOGCCT G3WUU1C0GC CAATOGTACC GCtATCCCTA ITOGCGGTOG CAGCGCCAAT 

ACGCAAATCT TTTOCCATAA CGATTACCCX3 GAAACCATa CAQACaTOT CACACTOCAA 
OGAGCTTCGG CTTATGGCGO OGTOmTCT AGTirrPCCG AGACOGXAAA AIMAA^ 
AGTAGCl^m: CTTT^ 

QMAAGCCGT GGCCGGTOGC OCTTnTTTG ACGCCTGTOA GCAGTOCGGG GGGAGIGGOG 
MTAAAGCTC GClX3OTa^ 

GWtSATTTCC ASXTTOTOTO OAAaaTTTAC GCCAAIWOT ATOrGG^ GCCCaCTOGC 
GGCTGTGAre TTTCTGOT 
COSATTCCTC rai^^ 



300 

360 

420 

480 

540 

€00 

660 

720 

780 

840 

900 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
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SGOGXaSGOG GO^^ 

(2) HJPOlOttTIQH FOR SBQ ID H0:4S: 

(i) SBOOB TOB Ca aBACTBRIsnCS! 

(A) LBRSXH: 900 base pairs 

(B) TYPB: xnideic acid 

(C) STSAHDBBHBSS: single 

(D) TOFOIOOX': linear 

(ii) BKJLBCDUB WPB: DBA (genooiic) 



720 
780 
840 
900 



(xi) SBQOBRCE DBSCRIPTIQH: SBQ ID 110:45: 
^"'^AOa^; TTATX,^ GTTTGCTOB. CI^rrOWCG GCIOSXCGGT *AI««C^ 

i«:CTIGCX«X 

«»GGTTa3G CTTAIGGCGA OGT^^ 
'""'^GCIMC CTTTCCC^ 

GAXAAGCCGT GGCCGGXGSC GCTmriTO *0G^ 

atx.a;««:,« a«c*Tt^ 

•a^^^TTPCC i^TTX^ 

CCGWTCCTC TXRCCGTTm rcm^ 
*aCACGCAG «r«=BGGC^ 

™^«»GCAG O^GGSACTTC GGO^^ 
GQAGGGCAGQ TOACOGCAGG GA^^ 

(2) IHPORMATION FOR SEQ ID H0:46: 

(i) SgjOK HCB Cg RRACTBRISTICS; 
(A) LmGXB: 900 baise pairs 



60 
120 
180 
240 
300 
360 
420 

480 
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900 
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(B) TJfPB: nucleic acid 

(C) SraKSBSBDSSaai single 

(D) TOPOLOOy: linear 

(ii) MOiacOLB T»B: OKA (genonic) 



(Xi) SBQOBSCB DBSCaiimoW: SBQ ID H0s46s 

TCMTOGCCT <nwuutfx»c ca^^ 

GTTTAltnaUl «STTGOGCC TGCO^^ 

CGA0GCTCG3 CTtMGOCGO COXOTT^ 

<aia«GCCOT GGCOSeiOGC OCIT^ 
*T13UUUKnG GCTC»1TA« 

SMOATTTCc jumrronG OA*^^ 

CCAMTCCTC TEACCaSTm TTO^^ 
eaSSTOaJOG TRCASTTOAC GCGC^^ 

T««aG«fi TASGGACTTC GGOBOTMOT CIBGQATWA OGGOUVATTA CGCACSXRCC 
GSAGGGCAGO TOACIGCAOG GAW^ 

(2) HSPORMftnON FOR SBQ ID H0:47: 

(i) SBQOERCE CHARACTERISTICS: 

(A) LSSGXH: 900 base paira 

(B) TYPB: nucleic acid 

(C) STRASDBDEIBSS : single 

(D) TOPOIOOT: linear 

(ii) MOMCDIfi TWB: ZSSA (genomic) 

(Xi) S^JOBSCB DBSCRlPnOR: SBQ ID ro:47: 
i^^tQAAACGAG TTATT^ 

TCATTCGCCT GTAAAACOGC CAAIT^ 



60 
120 
180 
240 
300 
360 

420 

480 

540 
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660 
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780 
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900 



60 
120 
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amamnwv AccTTOo^ 

AOGCAAATCT TOCCAB^ OSRTX^ 
OGAflGCTOSG CTTOtG(K«3 on^^ 

«aTAAGCCeT GGCCOSTGGC QC^^ 

™A«x:ro arrcATXAAT 
«waTTTcc AomrmsiG Gam^ 

CCAIITTCCTC TTACOSTTm TTO^^ 

GGCGTa3«» BuaunrOAC OC^^ 
TAGGG^rtTC GGOS^ 

(2) raPORManoW for SBQ id nO:48: 

(i) SBQDBtlCB CHASACTBRESTXCS: 

(A) IBROTH: 888 base pairs 

(B) TOB: nucleic acid 

(C) STRABDBDRBSS: single 
(O) TDPOLOOT: linear 

(ii) MOiBCOLE TOB: DSA (genooie) 

(xi) SBQaBHCB DBSCRIPTIOH: SBQ ID B0:48: 
*=r«AAACGAa ™»TTACCCT 
TOOTCGCCT GtAAAACCOC CWre^ 
STTBmSTAA iUX:TTO(»CC 
^CGOAATCT TTIBCOmUl 
CGAGGCltSG CTT««K»G C»^^ 

^WAGCTAIC OOTOXTAC CACC^ 
««W«SCCX!T GOCO^TO^ 

TO^mwro a»XGCTTAT TTR«^ 

*iRiTD«sc 



180 

240 

300 

360 

420 

480 

540 

600 

660 

720 

780 

840 

900 
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TcrocTCGGG JmncAcoCT TACicreccxs QAcracccro orrcAorecc wotcctctt 

GOGGGCAACT COATTTTCAC OUmiCCOOG TOSTTITCAC CTOCACAGGG aSTOGGCGIA 
CAGITOACGC GCAAOGOmC GAMAITCCA GOGAAISUCA OS^mKGTT iUSSASCAGm 

J^CTOCAGGQA JOTT^^ 

(2) INFORMATION FOR SBQ ID NO:49: 

(1) SBQDBNCB CKARACTBRISTICS : 

(A) ZiBNGiH: 900 base pairs 

(B) TyPB: nucleic acid 

(C) STRANDSXS9BSS: single 

(D) TOPOLOGY: linear 

(ii) MDLBCOLB TVPE: IXNA (gencoic) 

(3ci) SEOTBNCB DBSCRimON: SBQ ID NO:49: 
^^TIAAACGAG TT^^ 

TCMTCOCCT GXAAAACCGC CAATGGXACC GCmCCCTA 1TCGCGGTG6 CAGCGCCAAT 
GTTTATOtAA ACC^^ 

i^^GCAAATCT TTTGCCAiaA CGATTATC06 GAAACCATEA CAOACTATOT CACACTGCAA 
CGAGGCI^ CTTAI^ 

AOTAGCTATC CATPTCCTAC CACCAGOQAA ACGCCGCGCG TTOTTTATAA TTOQAGAAOG 
SATAAGCCGT 6GCCGGTGGC GCTTTATTTO AOGCCTOTGA GCAGTGCGGG 0G6GGTCGCG 
ATTAAAGCTC GCTCAITAAT TGCCGT6CTT ATTTTGCGAC AGACCAACAA ClSmUlCA^ 
GATGATTTCC AGTTTOXOTG GAAIATTTAC GCCAA3AATO ATGTOGTXSGT GCCXACTGGC 
GSCTOCGATC mci^ 

CCAATTCCTC TXAC0t5TlTA TTGTOCGAAA AGCCAAAACC IGGGGaTtA CCTCTCCGGC 
^^CACMGCAG ATO^^ 
6GCGTCGGC6 TACAGTTG^ 

™«3GAGCAG TAGGGACTTC GGOGGTGAGT CWGOATTAA CGGCAAATXA TCCAOGTACC 
GOAGGGCAGG TOAOT^ 

(2) INEORMATION FOR SBQ ID TO:50: 



600 
660 
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121 



(i) SBQOBBCB CBMIACXSRZ8TZCS: 

(A) laro iH; 900 baae pairs 

(B) TZPB: nudeic add 

(C) STRAHDBDHBSS: Single 
(O) TOPOLOOT: linear 

(ii) HOLBCDIE TYM: im. (genomic) 



(Xi) SBQOBKCB OBSCRlPTlQUs SBQ ID HOsSO: 
*«»^ TTATtAACCT GmoCXG^ 
TCAITO^rr tm^AAACOGC CAI«^ 
GTmi^ ;UX:„^ CQCO^ 

i«»CAAATCT TTIBCC«DU, CQWTACCOO GAAACOOTft CAaWTMBT CACACTOCAA 
CSAG(KnCGO CmiGGCGQ CSIOT^ 
CmxCOOAC C«^^ 

«=TCm»« 

««=«^ TXTCTGCTCG TOMO^ 

TTwroe™ 

'"^"a^^CAG ATOOGGGCIU. 
™««»SCAG XAGGOACT^: 

(2) INPOiaiATIOT TOR SBQ 10 II0:S1: 

(i) SBgOB HCg CB ARACTSRISncS; 
(A) LBHOTO: 900 base pairs 
CB) WPB: nucleic acid 

(C) STRAHDBDHBSS: single 

(D) TOPOLOOT: linear 

(ii) BSaLBCOLB T»B: DHA (gencmic) 

(3d) SBQDBHCB DBSCRimOH: SBQ ID H0:51: 
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T«iTa«» omAAcox: au«^^ 

<««»roBU. i««iTOOSCC OGCCG^ 
OSAfiGTTOGS CmrecCGO COXOTTM^ 

G«aAGCOGT GG0CGGT3QC GCTTTmTG AOGCCreTOA OCAfllGCGGO CGG6QTGGCG 
MTAAAGCTO GC1C»™«T TOOO^ 

sM^rnccAoirroioio^a^ 

«CIGC«ATC XTOlBCra TOAl^ 
C»«I«XTC TBUrGTTBl TTOTO^ 
«:ACACGCAG «GCGGGCAA CTO^^ 

TO««aGCAG TAGGGACTIC GGO^ 
<»AGGGCAGG «««aCAGS GAA^^ 

(2) IHFORMATiaH FOR SSQ ID H0:52: 

(i) SBQDBSC3E CHARACTBRISTICS : 

(A) xsmSTBi 900 base pairs 

(B) WPB: xxucleic acid 

(C) STRANDBDRBSS: single 

(D) T0PQL067: linear 

(ii) MDLBCDIfi TWB: (genccnic) 

(xi) SBQOSHCa OBSCRIPTIOW: SBQ n> K0:S2: 

*«««AoaAO miTAcccr Gn^^ 

•rCATTCGCCT GtAAAACCGC CAim^ 
«T1MOTU ACCTTGCGCC TGCO^ 
*<»CAAAICT TTTOOamu^ 
OQ«eeCTCGG CTXATCGOGG 0(^^ 
A01»6CIATC OOTTCQJ^ 

«mAGCCGT GGCOGCnOGC OCroarrXG AOGC^ 
«naAAGC10 GCTCATtAAT TOCOaOCTT 
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OW^TTTCC iUnriGXt^ OAAtm^ 

«5ci«3aim3 ,TicioCTa. 
ccAATiarTc To««orrx^ TTO^^ 

imKBSGCIUl 

GGCOXCGGCG TACAfiTTOAC (WXaAOSOr ACOmaTTC CAOCQAAIRA CRCGGmCG 
TTAGQAGCAS TA6GQACTTC GGO^^ 

(2) IHFORMRTIOH TOR SBQ 1» HO:53: 

(i) SBQOBHCB CHARACTSRXSnCS: 

(A) ZfiSSiH: SOO base pairs 

(B) TJTPB: nucleic ticid 

(C) STBABDBOBBSS: single 
(O) tlOPOLOCT: linear 

(ii) MOLBCOLE OTPB: tm. (genomic) 

(Xi) SBQOBSCB DBSCHIPTIOT: SBQ ID H0:S3: 

^^IGBU. i^CTTOCBCC 

OOTTCCT,^ C*^^ 

<a^o«T (KKTGGXGGC Gcrmr™ 
'^^eci^ «:icAmw 

«««K»«G TTTCXGCTCO 
CCAATTCCTC TTACCOTTm rrore^ 
ACACACXKaus *roCGG«3U. CT^^ 
«50Cm:GGCG TACAGTT^ 

^QAGCAG TAGGQACTTC GSOGOra^ 
TGfiCIGCAGG GAAIO^ 



540 

600 

660 

720 

780 

840 

900 
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(2) ZBraRUATXQK FOR SBQ ID 110:54: 

(i) SBQOBBCB CHASACTBBISTZCS : 

(A) Z2HQXH: 900 base pairs 

(B) T7PS: nucleic acid 

(C) SntASDBDRBSS: single 

(D) TOPOZOOT: linear 

<ii) JSOiacoiB TTfPB: tm. (genomic) 



(Xi) SBQDBUCB BBSCSIPTIOT; STO ID H0:54. 
MOAAACJQAG TXKCTACCCT mi - iUfWrA CXGCITSBmM QCTOmaSOr JUUOGCCTGG 

TcarrcGCCT (asuuuursc cw^^ 

GTOMGIAA JUXaT«S3CC tWXGT^ 
aafiGTTCGQ cmwwcQo COIG^^ 

GfilAAGCCCT GGCCGGIGCX: GCTOSra i«X^^ 
*rau«aTO (KTCATMUff TCCO^ 

GATSATTOC AGTTTOTOro OWmOTTRC GCOKDUITC ATOWSQTOOT GCCCftCTCGC 
GGCTOTtSaro TITCTCCTTG TORI^^ 

CCGATTCCTC TtACOGTraa TTOTOOaAAIl AQCCJWAACC TCGGGTKTOl CCTCTCCGQC 
ACACaCGCAG ATOCGG6CAA CTOOftTTTTC ATOUOacCQ OOTOGTTrrC ACCTtSCacao 
OGCGTCGGCG TACAGWaj^ GCOC^^ 
naSSAfiCSUS TAGGGACTTC OGCGO^ 

GGAGGGCAGG TOIOOCAGO <aMGTOCWl TCaATTmO GOSreACTTT TOTTXATCAA 

(2) IHPORMATIOH FOR SKQ ID H0:55: 

(1) SBQDEKCB CHARACTERISTICS: 
(A) LBSQXH: 51 base pairs 
<B) T7PB: zmdeic acid 
(C) STRASDSZniSSS: single 
(O) TOPDL067: linear 



60 
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180 
240 
300 
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(ii) MOLBCDIiB TTPB: DSA (ganomic) 
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(Xi) SBQOSSCB DBSCRIPTIQBr: 8SQ XD H0:55. 
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CLAIMS 

1. A method Of targeting a bacterial «lhesin to a specific 
locatxon. cc=„riBing ,i, i,ientifyi„g ^ said locatir^.. 

5 ^cter^ adheains, ,11, i.ox.tl„g . ^.erial cell tJt 
9^J^ .aid location and expreaaes an adhesin recognizing 

10 brought into interacting contact ^reby the adheail IT 
aasociated with the receptor Bolety. 

IB selected from the group consisting of a -glycoJtlfcld a 

rlaf ~lT " ' bacte- 

rial cell ej^ses an adhesin having ia»lified receotor 
^.ty-blndlng properties relative to an adh^^ln 1^^:^^ 

20 id«,tifying in a parent bacterial cell, DMA secuencns) 

coding for the binding do.^,,, of said natiC^ri^sed 

modified adhesin molecule is stressed that is different^ 

5 ^ T "P'aaaa-i "atlvely 

5 and selecting a the bacterial T "-i-iveAy, 

adhesin havlL anll^!!! f a:* resslng the modified 

natlv.lv altered adhesion phenotype relative to the 

natively ejtpreased bacterial adhesin. 

4. A method according to claim 1 wherein the bacterial cell 
e:.pres8ing an adhesin that recogni.es end binds to t^ 

a"Z!!r T"^.'" ' """arlal cell derived from 

a parent bacterial cell that does not produce an adhesin 

to said receptor, by Inserting Into the pa^tlell a 
^ .e^e coding for an adhesin binding to thHec^ 
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-oi.ty. and .electing a. bacterial cell «,,„,i^ u.e dn» 
sequence . 



20 



25 



LL^ to clal= 1 wteraln a non-adheeln com- 

S 1. targeted with the adheein to the location conpriaZ the 
receptor «,iaty recosnlzable by the «She.in. 

6. A wthod according to claia 5 wherein the compound is 
covalently bound to the adhasin. ™pouna u 

7^ A method according to claim 6 wherein the compound ia part 

, "^riBing the adheein, thn=.^ 

bei^eelected from the group conei.ting of an en^. an 
antibody, an epitope and a toxin. """J™. »n 

8. A method according to claim 5 «»reln the coapound 1. one 
aaaociat«l with the adheein by a non-covalent 

9. A method according to claim e wherein the compound is 

a«:« aT " m^ogically 

active, a dlagnoatldiy active and an Imaging confound. 

tion le a human or animal aurface. 

11. A method according to claim 1 wherein the epecific loca- 
tion ia a plant aurface. »=<:itic loca- 

12. A method according to claim x «»reln the bacterial cell 
e»prea.e. a recombinant bacterial adheain variant der^ 

relative to the naturally occurring adheein from which it is 
derived, the alt««l binding properties Including binding to 

" ^ adhesin'do:. 
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13 A «thod according to claim u the .^keaiB vari- 

a« 1. derived from . naturally oecurrlng adhealn ieolatad 
from a c.11 structure eel cted from the group consisting of a 
5 t^r^'',r '^'^^y^'^'' l«y.r. an outer membrane pro- 

' f"-"- « 'l^ria. a noa-flmbrlal adhesln 
(NFA) and an af Imbrlal adhesln (sPA) . 

1*^A method according to claim 12 or 13 the adhesln 

vMlant « a protein having amino add sequence differing 

15. A method according to claim 14 rtierein the adhesln vari- 
ant Is a PiBH adhesln having an amino acid sequence «hich 
^tfers from the B. cali PC31 PlmB adhesln as defined in 
table 1 herein in at least one amino acid. 

IS one binding to a receptor selected from the group consist- 
a aomain devoid of saccharide. 

17 A n«thod according to claim 15 wherein the adhesin vari- 

TJl.l.'^"^" comprising amino acid sequences 

from different FimH adhesins. 

18. A method according to claim is wherein the Piafl adhesin 
has an amino acid sequence which is selected from the group 
consisting of sequences appearing in Pig. 5 herein with 
designations CI#12, CI#4, CI#7 or CSH-50. 

19 A method according to claim 15 wherein the adhesin is one 
Which, When tested for binding to yeast mannan (Mn) . human 
Plasma f ibronectin (PH) , periodate treated Fn and the syn- 
thetic peptide Pnspi conprising the first 30 amino acids of 
Fn, only binds to Mp (M class) . 



20 
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20. A method according to claim 15 wherein the adhesin is one 
which, rgben tested for binding to yeast mannan (Mn) . human 
plasma f ibroaectin (Pa) , periodat treated Pn and the syn- 
thetic peptide PnSpi con?)rising the first 30 ;»».^n» acids of 
Fii, binds to Nn and Pa (MP class) . 

21. A method according to claim 15 wherein the adhesin is one 
which, when tested for binding to yeast mannan (Mn) , human 
plasma f ibronectin (Pn) . periodate treated Pli and the syn- 
thetic peptide PnSpl conprising the first 30 amino acid 
residues of Pn. binds to all of these (MPP class) . 

22. A method according to claim 15 wherein the adhesin is one 
which, when tested for binding to five Pn-fragments obtained 
by thermolysin treatment, only binds to the 40-kDa gelatin- 
binding fragment. 

15 23. A method according to claim 22 wherein the adhesin is one 
Which, when tested for binding to five Ph-fragments obtained 
by thermolysin treatment, binds to all five fragments. 

24. A method according to claim 15 wherein the adhesin is at 
least 90* homologous to the PC31 PimH adhesin. 

25. A method according to claim 15 wherein the adhesin is a 
chimeric adhesin comprising amino acid sequences from differ- 
ent PimH adhesins. 

26. A method according to claim is con5>rising an amino acid 
sequence which differs from the B. coli PC31 PimH adhesin by 
at least one amino acid occurring between residues 27 and 119 
of the mature PimH sequence. 

27. A method according to claim 15 wherein the adhesin binds 
to a receptor moiety selected from the group consisting of a 
human receptor moiety, an animal receptor moiety, a plant 
receptor moiety and an inanimate, non-biological receptor 
moiety. 
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28. A method acc rding to claim i wh rein the bacterial cell 
being targeted is a cell comprising a gene coding for a gene ' 
product Which, When «q,ressed has a killing or cell function- 
limiting effect in said cell, the expression of said gene 
5 coding for the cell killing or cell function- limiting gene 
product being regulated in such a manner that the bacterial 
cell when targeted will be killed or limited in its function 
m a pre- determined manner. 

29. A recQmbinsmt or mutant bacterial 9/4v.<><.4. j 
10 f-^r^ ^ ^ «utanc oacterxal adhesxn variant derived 

10 from a naturally occurring parent adhesin, said adhesin 
variant having altered binding prc^erties relative to the 
naturally occurring adhesin from irtiich it is derived, the 
altered binding properties including binding to at least one 
receptor to which the parent adhesin does not bind. 

15 30. An adhesin variant according to claim 29 which is derived 
from a naturally occurring adhesin isolated from a cell 
structure selected from the group consisting of a capsule, a 
lipopolysaccharide layer, an outer membrane protein a 

20 ^^^"'T; ! * * ^^-^^rial adhesin (NPA) 

20 and an af imbrial adhesin (APA) . 

31. An adhesin variant according to claim 29 or 30 which is a 
protexn having an amino acid sequence differing by at least 
one amino acid residue from its parent protein adhesin. 

32. An adhesin variant according to claim 29 which is a PimH 
25 mannose-sensitiv. adhesin having an amino acid sequence which 

differs from the B. coll PC3l FlmH adhesin as defined in 
Table 1 herein by at least one amino acid, said PimH adhesin 
bindxng to a receptor selected from the group consisting of a 
domaxn where mannosyl residues are not terminal and a domain 
30 devoid of saccharide. "w«ain 



33. An adhesin- variant according to claim 32 which is at 
least 90% homologous t the PC3i PimH adhesin. 
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34. An adbesin variant. according to claim 32 which, is a 
chimeric adhesin comprising amino acid sequences from differ- 
ent FimH adhesins. 

35. An adhesin variant according to claim 29 *fliich binds to a 
5 receptor moiety selected from the group consisting of an 

animal receptor moiety, a plant receptor moiety and an inani- 
mate receptor moiety. 

36. An adhesin variant according to claim 29 which is part of 
a fusion protein conprising the adhesin variant and a 

10 heterologovis polypeptide. 

37 An adhesin variant according to claim 36 wherein the 
heterologous polypeptide is selected from the g^p consist- 
ing Of an epitope, an enzyme, a toxic gene product and an 
antibody. 

15 38. A FimH adhesin conprising 279 amino acids, having an 

amino acid sequence which differs from the B. coli PC3i FimH 
adhesin as defined in Table i herein by at least one amino 

acid. 

39. A FimH adhesin according to claim 38 which has an amino 
20 acid sequence which is selected from the group of sequences 

appearing in Fig. 5 herein with designations C1#12, ci#4 
CI#7 or CSH-50. 

40. An adhesin according to claim 38 which binds to a 
receptor selected from the group consisting of a domain where 

25 mannosyl residues are not terminal, a domain devoid of 
saccharide, a glycolipid. a glycoprotein, a protein, a 
polypeptide and a peptide. 

41. An adhesin according to claim 38 which when tested for 
30 binding to yeast mannan (Hn) , human plasma fibronectin (Fn) 

peri date treated Fn and the synth tic peptide Fnspi compris- 
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^ the first 30 acid, f Pn. only bind, to Ma m ela.., 

hLf! «cordlag to claii. 38 *ich when tested for 

to yee.t «,nan ,m) . h««n ple«.a fibronectin (Pa) 

"^'^ •=««01»3 to claii. 38 rtioh when te.ted for 

p^'t. ."^'."^ — -Pl"- fibronectin ,p», , 
. « P= «d the synthetic peptide p,^i ca^ri;. 

tnese (mpp class) . 

44 An adhesia according to claim 38 which when tested for 
binding to five Fn- fragments obtained by thermolysin treat- 
ment, only hinds to the 40.kDa gelatin-hinding fLgl^t 

45 An adhesin according to claim 38 which when tested for 
bxndxng to five Fn-fragments obtained by thermolysinir!" 
ment, binds to all five fragments. ^^V^tn treat- 

46. An adhesin according to claim 38 which is at least 90% 
homologous to the PC31 PimH adhesin. 

11 ^ according to claim 38 which is a chimeric 

atlsM'""''''"' ^''^ '^"--^ 

48. An adhesin according to claim 38 comprising an amino acid 
se^ence which differs from the E, coli PC3i pL a^L^ 
at least one amino acid occurring between residues 27 and ^9 
of the mature PimH sequence. 



49. An adhesin according to claim 48 which binds to a 
reenter moiety selected from the group consisting of a human 
receptor moiety, an animal receptor moiety and a plant 
30 receptor moiety. jr a pxanc 
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fL,*J!"**°"' "^"^ ""^^ » ™» sequence selected 
£»« the group eonsletl^ of a se^«.c coding for , recc»bi. 
-^t bacterial adheein as defined in clalr, 29 and a secure 
coding for a Pla>H adhealn „ defined in clalM aa. 

5 51^ A recombinant replicon according to clai. 50 wherein the 
K« sequence codes for a PiaB «tte.in having an «.ino ^iT 

"^1°: T'" f"'*" Fi-TSel bx 

at least one amino acid. ^ 

52. A replicon according to claim 52 in which the DNA 

0 sequence is at least 90% homologous to the PC3l fin« gene. 

53. A replicon according to claim 50 in which the DNA 

:rTz :l:s"^" ^ - — - 

54. A replicon according to claim 50 in which the DNA 

coli PC31 fimH gene by at least one codon between the codons 

IL * according to claim 50 in which the DNA 

sequ^ce con^rises a further dna essence coding f ora 
heterologous polypeptide. 

56. A replicon according to claim 55 wherein the polypeptide 
a toxic gene product and an antibody. ™zyine, 

57. A replicon according to claim 55 .herein the further 

^i^LT' :r " ^- .eiectSti' r 

^e P^ct. • Poxiutant-degrading 

iTiso^n'dT "^"^ " " "^"^ "» ™» »«^-ce 

IB Molat d from an aterotaeteriaceae species. 
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rZfL^ " re=c«bW b.=t«lu adh«iB variant 

38, and a heterologous polypaptide. 

' ^;.»f"'°° '^*'" ""^^ " "^"^ » the 
heterologous polypeptide is salacted from an epitope an 
enzjTO, a toxic gene product and an antibody. 

61. A fusion protein «,cording to claim 59 which carries a 
non-covalently bound compound. =MMes a 

S2. A bacterial cell «^ch e:^eee an adhesin selected from 
^iLTL'r:,''''"' °' • "cc-binant bacterial a^t 

""""^ ^ Claim « »d a Pi.H adhesin as defined 

cl^ri.":T™^°""^ " =^ « -"ch 

cniprxsee a recombinant r^licon as defined in claim 50. 

«4. A bacterial cell according to claim S2 4 

from aiterabactaria^^- . I "lectal 

B^cdlac^ '»««^*"«e. Vihrionaceae and 

«^A bacterial cell according to claim C2 which further 
jesses a gene product selected from the group c^stina 
Of a pesticidally active co.^, an immuJT Jc^ 
gene product and a pollut«.t. degrading activel^::^""™ 

^ol^"""*" according to claim 62 in which the 

c^s^S'thULlslf " ^^-^ " » ^""^ 
™p Ming the adhesin variant and a further polypeptide. 

c-Vrises a gene coding for a gene product *ich, ^ 

^d"::i1 t "el^^^f " -=ti on-limitin; etTct in 
aid cell, th expression of said gene coding f r the cell 
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St^L°I '""""-ll-i'l^a sane product being regu- 
latad in such a burner that the bacterial cell «Mn targeted 
to receptor in a specific location win ^ killed orT^ted 
m its function in a pre-deteinin«l Banner. 

' ^ iBolating a bacterial cell e:^ssing an 

adhesin having modified binding properties relative to a 
Mtively expressed adhesin, c<-prislng identifying in the 
bacterial cell l»a sequence (.) coding for the binding 

a at°°T^t o!' T "^"^ substituting 

"^"^ " ■"^"'a mole- 
cule xs e=,ressed that is different in at least one a»ino 

^Tte^r^ e^^ressing the »,dified «Jhesin having an 

!L* "^"^ "'■"^ ec Claim 66 «h««in a non-adhesin 
coi.5>ound is associated with the adhesin. 

IL!"T^ «"rding to claim 69 wherein the non-adhesin 
.Ith^the adhesin a. part of a fusion protein co.,n.ing the 

71. A method according to claim 68 which In a further step 
comprxses binding non-covalently a co^ound to the adhLI^ 
When e:q)reased. aonesin 

72. A n^thod according to claim 68 wherein the natively 
ejqpressed adhesin is a PimH adhesin. 

73 A method according to claim 68 wherein the codon(s) 
is/are substituted by mutagenization. 

74. A method Of preparing a recombinant bacterial cell that 
bxnds t a specific receptor moiety, comprising introducing 
into a bacterium that does not produc an adhesin binding to 
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bi^ to tae receptor .«,t ty, ..i.„i=g . bacterial 
cell eJ5>ressin3 the ma eequancs. 

=0.11=3 for «ihesla blaJlng to the receptor moiety le a 
sequence coding for a PljaH adhesln. 

ZL.^ TT^ according to elalm ,4 rt.erein the Dra is intro- 

'T""^ """"^ -i"- » «co.*inant 
repllcon as defined in claim so. 

IL* *='=°"^» <=» '* -toreln a non-adhesin 

conipound la associated irtth the adhesln. 

2^ Mthod according to dalM 77 rt>erein the non-adhesin 
-tt^^ adhesln as part of a fusion protein co.^i,i,g the 

ILrt"*"^ "'"^ " "lal" 74 ^ch in a further step 
co^rxses binding non-covalently a compound to the adhesi^ 
When eacpressed. 

fL*""^ °' """^''^ » bacterial cell having 

f ^ r """^ " • ""'"^ '° wild-typ. ceu 

fr-^ich the «.ta„t cell is derived do«, not bind "cmp"i^. 

"Oiety, removlns the contacted cells which do not bind to the 

culture Which le enriched with regard to cells binding to the 



""■oa sccordlng to claim ao wherein the moiety with 
30 ^1 """""^ ^« =«"««ed, is a 
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82. A method Of isolating a compovmd from a solution or 
a»sp«»io« containing u, c«p,^, tha «tl«d conpri^L 
contacting the solution or- t-h^ • can^insing 

r>^«^^4 Boxution or the exispension with a ftisi n 

protein according to claim 59 wherein the heterologous 
polypeptide has an af f initv to hho . '^eroxogous 

«i:inxty to the con^jound to be isolated. 

83 A composition conprising a population of a bacterial cell 
as defined in claim 62. «*cceriaj. cell 
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